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ABSTRACT
The p u rp o se  o f  th e  s tu d y  was to  t e s t  c o l l e g e - a g e  males and 
fem a les  in  a r e s p o n s e  t im e  t a s k  and a h a n d - g r ip  s t r e n g t h  t a s k  th r e e  
t im es  a  week o v e r  a  f o u r t e e n  week p e r io d  to  d e te rm in e  w h e th e r  m ed ia l  
a n d /o r  low f r e q u e n c y  ra n g e  c y c le s  e x i s t e d .  The two ta s k s  in v o lv e d  
n in e  t r i a l s  in  r e s p o n s e  t im e  and two t r i a l s  in  h a n d - g r ip  s t r e n g t h  on 
Mondays, W ednesdays, and F r id a y s  o f  each  week.
S u b je c t s  f o r  th e  s tu d y  w ere  e n r o l l e d  in  t h r e e  p h y s ic a l  
e d u c a t io n  a c t i v i t y  c o u r s e s  a t  th e  U n i v e r s i t y  o f  S o u th w e s te rn  
L o u i s ia n a  i n  L a f a y e t t e ,  L o u i s ia n a .  T w en ty -s ix  s u b j e c t s  ( f o u r t e e n  
males and tw e lv e  fe m a le s )  w i th  p e r f e c t  a t t e n d a n c e  r e c o r d s  w ere  used  
in  th e  f i n a l  a n a l y s i s  o f  d a t a .  The tw e n ty - s ix  s u b j e c t s  s a t i s f i e d  
th e  r e q u i r e m e n ts  o f  e q u a l l y  spaced  t im e  i n t e r v a l s  i n  d a ta  c o l l e c t i o n  
n e c e s s a ry  to  p e r fo rm  th e  needed s t a t i s t i c a l  a n a l y s i s .
The d e s ig n  o f  th e  s t a t i s t i c a l  a n a l y s i s  f o r  th e  c o l l e c t e d  
d a t a  c o n s i s t e d  o f  a n a l y s i s  o f  v a r i a n c e  w i th  l e a s t  s q u a r e s  c u rv e  
f i t t i n g  encom passing  l i n e a r  r e g r e s s i o n  and harm onic a n a l y s i s .
S t a t i s t i c a l  a n a l y s i s  r e v e a l e d  t h a t :
1. In  b o th  r e s p o n s e  tim e  and  h a n d -g r ip  s t r e n g t h  a l l  s u b j e c t s  
showed s i g n i f i c a n t  d i f f e r e n c e s  i n  mean p e rfo rm an ce  s c o r e s  th ro u g h o u t  
th e  f o u r t e e n  week p e r io d  o f  th e  s tu d y .
2. Improvement in  f i f t e e n  o f  tw e n ty - s ix  s u b j e c t s  i n  re s p o n se  
t im e  s c o r e s  and s i x t e e n  o f  tw e n ty - s ix  s u b j e c t s  i n  h a n d - g r ip  s t r e n g t h  
s c o r e s  was d e s c r i b e d  by  a l i n e a r  t r e n d .  F u r th e rm o re ,  in  r e s p o n s e
v i i i
t im e  fo u r  o f  th e  f i f t e e n  s u b j e c t s  a p p ea red  to  have l i n e a r  r e g r e s s i o n s  
t h a t  a cc o u n te d  f o r  n e a r l y  a l l  o f  th e  s i g n i f i c a n c e  found in  th e  
a n a l y s i s  o f  v a r i a n c e .  The same f i n d i n g  h e ld  t r u e  f o r  fo u r  o f  th e  
s i x t e e n  s u b j e c t s  i n  h a n d - g r ip  s t r e n g t h .  Data c o l l e c t e d  from n i n e  
o f  t w e n t y - s i x  s u b j e c t s  i n  b o t h  t a s k s  s h o w e d  e v i d e n c e  
o f  g ra d u a l  c u r v e s . The c u rv e s  were o f  an u n d e te rm in ed  n a t u r e  and 
w ere  n o t  s u b je c t e d  to  harm onic  a n a l y s i s .
3 . S co re s  i n  b o th  r e s p o n s e  tim e  and h a n d - g r ip  s t r e n g t h  f o r  
t h i r t e e n  s u b j e c t s  underw en t a harm onic a n a l y s i s .  In  r e s p o n s e  tim e 
e i g h t  were m ales and f i v e  were f e m a le s .  In  h a n d - g r ip  s t r e n g t h  s i x  
w ere  males and sev en  w ere  fe m a le s .  I n  r e s p o n se  tim e two s u b j e c t s '  
s c o r e s  la c k e d  a t r e n d  i n  th e  d a t a ,  b u t  had a s i g n i f i c a n t  a n a l y s i s  
o f  v a r i a n c e .  The same f i n d i n g  h e ld  t r u e  f o r  one s u b j e c t ' s  s c o r e s  in  
h a n d -g r ip  s t r e n g t h .  The re m a in in g  e le v e n  s u b j e c t s '  s c o r e s  in  re sp o n se  
tim e and tw e lv e  s u b j e c t s '  s c o r e s  in  h a n d -g r ip  s t r e n g t h  had a s i g n i ­
f i c a n t  la c k  o f  f i t  t h a t  r e s u l t e d  from  th e  l i n e a r  r e g r e s s i o n .
h. I n  b o th  r e s p o n s e  tim e  and  h a n d -g r ip  s t r e n g t h  th e  
harm onic a n a l y s i s  f a i l e d  to  show any dom inant c y c l e  l e n g th s  i n  male 
and fem ale  s u b j e c t s .
3 . C ycle  l e n g t h  i n  r e s p o n se  t im e  f o r  m ales  ranged  from 
n i n e t e e n  t o  n i n e t y - e i g h t  d a y s .  Females in  th e  same t a s k  had c y c le s  
t h a t  ran g ed  from  tw e n ty - f o u r  days to  n i n e t y - e i g h t  d a y s .  I n  hand ­
g r i p  s t r e n g t h  m ales a g a in  showed a c y c l e  l e n g th  ra n g e  o f  n i n e t e e n  to  
n i n e t y - e i g h t  d a y s .  Fem ales in  h a n d - g r ip  s t r e n g t h  had c y c l e  l e n g th s  
t h a t  ranged  from  t h i r t y - t w o  days to  n i n e t y - e i g h t  d a y s .
ix
Based on th e  r e s u l t s  o b ta in e d  in  t h i s  s tu d y ,  th e  fo l lo w in g  
c o n c lu s io n s  a p p e a r  to  be  w a r ra n te d :
1. A p p a re n t ly ,  no s i n g u l a r  b i o l o g i c a l  rhythm  c h a r a c t e r i z e d  
e i t h e r  male o r  fem ale  m otor perfo rm ance  i n  s im p le  t a s k s  o f  re sp o n se  
tim e o r  s t r e n g t h .
2. L e a rn in g  o c cu rs  i n  th e  s im ple  t a s k s  i n v e s t i g a t e d  in  
t h i s  s tu d y  a s  a r e s u l t  o f  t e s t i n g  th r e e  days a week f o r  f o u r t e e n  
w eeks .
3. A lthough  one s p e c i f i c  c y c le  c o u ld  n o t  be  d i s t i n g u i s h e d ,  
a m a jo r i t y  o f  b o th  male and fem a le  c y c le s  i n  r e s p o n se  t im e  f e l l  
w i th in  tw enty  to  t h i r t y  d ay s .
4 . Male c y c l e s  i n  s t r e n g t h  a p p ea r  to  be o f  s h o r t e r  le n g th  
th a n  fem ale  c y c l e s .
5. M edial f r e q u e n c y  ra n g e  rhythm s ( . 5  hour to  6 days) were 
n o t  e v id en ced  i n  e i t h e r  re s p o n se  tim e  o r  s t r e n g t h .
x
C h ap te r  1
INTRODUCTION
Human b i o l o g i c a l  rhythm s have become a  vogue to p ic  w i t h i n  
th e  l a s t  few y e a r s .  The s u b j e c t  can  be lo c a te d  i n  a  v a r i e t y  o f  
s o u r c e s ,  ra n g in g  from newspaper a r t i c l e s  and p o p u la r  magazine 
a r t i c l e s  to  s c i e n t i f i c a l l y  o r i e n t e d  books , sym posia , and s c i e n t i f i c  
j o u r n a l s .
S e n s a t io n a l  c la im s  have been  made o f  th e  supposed tw en ty -  
t h r e e  day p h y s i c a l ,  tw e n ty - e ig h t  day e m o t io n a l ,  and t h i r t y - t h r e e  day 
i n t e l l e c t u a l  c y c le s  i n  humans w hich would a l lo w  p r e d i c t i o n  o f  h ig h  
and low perfo rm ance  l e v e l s .  The th e o ry  h as  been  g iv e n  l i t t l e  
c r e d i t a b i l i t y  b ecau se  o f  th e  l a c k  o f  s u p p o r t in g  s c i e n t i f i c  e v id e n c e .  
The p ro p o n en ts  o f  th e  th e o ry  o f  b i o l o g i c a l  rhythm s have  o f t e n  been  
accu sed  o f  a t t e m p t in g  to  c a p i t a l i z e  on a  g r o s s ly  o v e r s im p l i f i e d  
e x p la n a t io n  o f  th e  tem p o ra l a s p e c t  o f  man. However, i t  i s  p o s s i b l e  
t h a t  th e  " u n d e r ly in g  id e a  may n o t  be  so  f a r - f e t c h e d . " ^
R ein b erg ,  a  n o te d  a u t h o r i t y  i n  th e  f i e l d  o f  b i o l o g i c a l  
rhy thm s, has  e x p re ssed  the  view t h a t :
Rhythmic a c t i v i t y  i s  a  fundam enta l  p r o p e r ty  o f  l i v i n g  
m a t t e r ;  b i o l o g i c a l  rhythm s c an  i n  f a c t  be d em o n s tra ted  i n  a l l  
l i v i n g  b e in g s ,  from n u c le a te d  u n i c e l l u l a r s  to  man. P h y s io ­
l o g i c a l  p ro c e s s e s  v a ry  w i th  r e s p e c t  to  tim e i n  a  p e r i o d i c ,  
r e g u l a r ,  and p r e d i c t a b l e  manner. I t  w as, th e n ,  p e r f e c t l y
1 "Biorythm s —F a c t s ,  F a l l a c i e s ,  and t fy th o lo g y ,"  B io ry thm ic  
News. J a n u a ry -F e b ru a ry ,  1974, p .  2 .
l e g i t i m a t e  to  a t t e m p t  to  s tu d y  th e  te m p o ra l  s t r u c t u r e  (anatomy 
in  t im e) o f  l i v i n g  b e in g s  a s  one a l r e a d y  s t u d i e d  t h e i r  s p a t i a l  
s t r u c t u r e  (anatom y i n  space).^
The m a j o r i t y  o f  th e  r e s e a r c h  i n  t h e  r e l a t i v e l y  young s c ie n c e  
h a s  been  c o n ce rn ed  w i t h  p l a n t s  and a n im a ls  o t h e r  th a n  man. However, 
m e d ic a l  s c i e n c e ,  p h y s io lo g y ,  p sy ch o lo g y ,  and pharm acology a r e  among 
r e p r e s e n t a t i v e  d i s c i p l i n e s  w hich  a r e  now showing i n t e r e s t  i n  t h e  
s tu d y  o f  human b i o l o g i c a l  rh y th m s. P h y s ic a l  e d u c a t io n ,  w i th  i t s  
c lo s e  r e l a t i o n s h i p  to  th e  m e d ic a l  s c i e n c e s ,  needs  r e s e a r c h  a s  to  
b i o l o g i c a l  rh y th m s '  e f f e c t  on human movement.
W ithou t q u e s t i o n ,  human m otor p e rfo rm an ce  v a r i e s  from  tim e  to  
tim e  w i t h i n  a  p a r t i c u l a r  i n d i v i d u a l  a s  w e l l  a s  from  p e rs o n  t o  p e r s o n  
a t  a g iv e n  t im e .  Could t h e r e  p o s s i b l y  b e  a  p h y s i c a l  c y c l e  t h a t  
i n f l u e n c e s  m otor p e rfo rm an ce  i n  humans? U n t i l  sound r e s e a r c h  i s  
c o n d u c te d  to  i n v e s t i g a t e  and a t t e m p t  th e  p l o t t i n g  o f - c y c l e s  i n  t h i s  
a r e a ,  q u e s t i o n s  r e l a t e d  to  human m otor p e rfo rm an ce  and b i o l o g i c a l  
rhy thm s w i l l  go u nansw ered . S h i r k ,  e d i t o r  o f  C y c le s , made m en tio n  o f  
a  p o s s i b l e  two y e a r  a n d /o r  t h r e e  y e a r  c y c l e  i n  e x c e l l e n c e  o f  a t h l e t i c  
p e rfo rm an ce  t h a t  th e  R u ss ia n s  have  su p p o se d ly  d i s c o v e r e d .  However, 
S h i r k  d id  n o t  document th e  p o s s i b l e  c y c l e ( s )  w i t h  s p e c i f i c  r e f e r e n c e s .  
Such u n s u b s t a n t i a t e d  s ta t e m e n ts  a r e  t y p i c a l  i n  a  f i e l d  t h a t  n eed s  
f u r t h e r  i n v e s t i g a t i o n .  However, t h e r e  i s  ample s u p p o r t  f o r  S h i r k ' s  
c o n c lu s io n  t h a t  w h i le  work i s  g o in g  on i n  t h e  a r e a  o f  b i o l o g i c a l
2
A la in  B e in b e rg ,  " C h ro n o b io lo g y ,"  C y c le s . S ep tem b er,  1974,
p .  175.
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c y c l e s ,  a s  y e t  nobody has  " p u t  i t  a l l  t o g e t h e r "  A f t e r  re v ie w in g  
much o f  th e  l i t e r a t u r e  on th e  s u b j e c t  o f  b i o l o g i c a l  rh y th m s, t h i s  
w r i t e r  has  co n c lu d e d  t h a t  S h i r k ' s  e v a l u a t i o n  c o u ld  w e l l  b e  an  u n d e r ­
s ta te m e n t!
STATEMENT OF THE PROBLEM
The problem  was to  d e te rm in e  w h e th er  t h e r e  was m ed ia l  a n d /o r  
low fre q u e n c y  ra n g e  c y c l i c  rhythm s in  p e rfo rm an ce  o f  s e l e c t e d  p h y s i c a l  
m otor t a s k s  by m ales and fe m a le s .
PURPOSE OF THE STUDY
The p u rp o se  o f  t h i s  s tu d y  was to  t e s t  c o l l e g e  age men and 
women in  s t r e n g t h  and re s p o n s e  tim e  t h r e e  t im es  a  week o v e r  a  p e r io d  
o f  a  c o l l e g e  s e m e s te r  to  d e te rm in e  w h e th e r  m ed ia l  a n d /o r  low f r e q u e n c y  
ra n g e  c y c l e s  i n  m otor p e rfo rm an ce  c o u ld  be d e t e c t e d .
DEFINITION OF TERMS
The fo l lo w in g  d e f i n i t i o n s  w ere  p e r t i n e n t  to  t h i s  s tu d y :
Response Time was d e f in e d  a s  th e  t im e  r e q u i r e d  to  r e a c t  to  a 
l i g h t  s t im u lu s  and e x te n d  th e  dom inant hand i n  a fo rw ard  d i r e c t i o n  a  
d i s t a n c e  o f  one f o o t  i n  a  h o r i z o n t a l  p la n e .
3
L e t t e r  from  G e r tru d e  S h i r k ,  E d i t o r  o f  C y c l e s , F e b ru a ry  6 ,
1975.
Cycle was d e f in e d  as  a p e r io d  o f  time d u r in g  which a 
phenomenon i s  com ple ted . In h e re n t  in  a c y c le  i s  th e  coming around 
a g a in  to  the  p la c e  o f  b e g in n in g .^  The word a l s o  means ev en ts  which 
r e p e a t . ^
Rhvthm was used  t o  i n d i c a t e  t h a t  t h e r e  i s  a r e g u l a r  tim e
g
p e r io d  in  c y c l e s .  The te rm  i s  s p e l l e d  "ry thm " by e d i t o r s  o f
B iory thm ic  News to  d i f f e r e n t i a t e  a s c i e n t i f i c  view from pseudo-
7
s c i e n t i f i c  v ie w p o in ts .
Z e i tg e b e r  was th e  term  found i n  th e  l i t e r a t u r e  to  d en o te
8  9
s e t t i n g  a g e n ts  o r  time c lu e s  in v o lv in g  b i o l o g i c a l  rhy thm s. An
example o f  a z e i t g e b e r  would be th e  in f lu e n c e  o f  l i g h t  and te m p e ra tu re
c y c le s  on b i o l o g i c a l  rhy thm s.
Medial Frequency Range Rhythms w ere  d e f in e d  as  p e r io d s  r a n g in g
in  le n g th  from 0 .5  hour to  6 days . In c lu d e d  i n  t h i s  rhythm  ra n g e  a r e :
(a) u l t r a d i a n  (n o t  l e s s  th a n  0 .5  hou r nor more th a n  20 h o u r s ) ;  (b)
c i r c a d i a n  (n o t  l e s s  than  20 hours  n o r  more th a n  28 h o u r s ) ;  and (c)
10
i n f r a d i a n  (n o t  l e s s  than  28 h o u rs  n o r  more th an  6 d a y s ) .
Edward R. Dewey and Og Mandino, C ycles  (New York: Hawthorn
Books, I n c . ,  1971), p. 11.
^B iory thm ic  News, lo c .  c i t .
^Dewey and Mandino, lo c .  c i t .
^B iory thm ic  News, op . c i t . ,  p . 6.
^Miriam F. B e n n e t t ,  L iv in g  Clocks in  th e  Animal World 
( S p r i n g f i e l d ,  I l l i n o i s :  C h a r le s  C. Thomas P u b l i s h e r ,  1974), p . 93.
^ I b i d . ,  p .  13.
^ R e i n b e r g ,  C y c le s , op. c i t . ,  p .  178,
Low Frequency Range Rhythms were used  to  in c lu d e  p e r io d s
ra n g in g  in  le n g th  lo n g e r  th a n  6 d a y s .  In c lu d e d  i n  t h i s  rhythm  ran g e
a r e :  (a )  c i r c a s e p t a n  (p e r io d  o f  a p p ro x im a te ly  7 d a y s ) ;  (b)
c i r c a v i g i n t a n  (p e r io d  o f  a p p ro x im a te ly  20 d a y s ) ;  (c) c i r c a t r i g i n t a n
(p e r io d  o f  a p p ro x im a te ly  30 d a y s ) ;  and (d) c i r c a n n u a l  ( p e r io d  o f
11a p p ro x im a te ly  1 y e a r ) .
The p a ra m ete rs  used  to  d e s c r ib e  o s c i l l a t i o n s  in  b i o l o g i c a l
rhythm s a r e  as  fo l lo w s :
F req u en cy , th e  number of c y c l e s  p e r  u n i t  o f  t im e .
P e r io d , th e  tim e  f o r  one com ple te  c y c l e .
A m plitude , th e  e x t e n t  o f  an  o s c i l l a t i o n .
Phase , a  f r a c t i o n  o f  a w hole c y c l e ,  o r  in  a s l i g h t l y
d i f f e r e n t  s e n s e ,  some p a r t i c u l a r  p o in t  in  th e  c y c l e .  An example
12would be h a lf -w a y  th ro u g h  a  c y c le .
DELIMITATIONS OF THE STUDY
This s tu d y  was l im i t e d  to  male and fem ale  s tu d e n t s  ( t o t a l l i n g  
t h i r t y - n i n e  males and f o r t y - n i n e  fem a le s )  e n r o l l e d  in  t h r e e  p h y s ic a l  
e d u c a t io n  a c t i v i t y  c o u rs e s  (two badm inton  s e c t i o n s  and one t e n n i s  
s e c t i o n ) .  A l l  s u b j e c t s  in v o lv ed  i n  th e  s tu d y  w ere  cap a b le  o f  ta k in g  
th e  t e s t  b a t t e r y  u sed . The s tu d y  was l im i t e d  to  two m easures  of 
m otor pe rfo rm an ce , a s t r e n g t h  t e s t  (g r ip p in g  f o r c e )  and a combined
11I b id .
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W. P. Colquhoun, B io lo g ic a l  Rhythms and Human Perform ance 
(London and New York: Academic P r e s s ,  1971), p .  4 .
hand r e a c t i o n  and speed  o f  movement t a s k  ( r e s p o n se  t im e ) .  The s tu d y  
was co n d u c ted  o v e r  a  t im e  p e r io d  o f  f o u r t e e n  w eeks , w i th  p e rfo rm an ce  
m easures  t a k e n  t h r e e  t im es  p e r  week.
LIMITATIONS OF THE STUDY
The f o l lo w in g  f a c t o r s  may have  c o n s t i t u t e d  l i m i t a t i o n s  i n  
th e  s tu d y :
1. The te m p e ra tu re  o f  th e  l a b o r a t o r y  ( a p p ro x im a te ly  68° to  
7 2 °F .)  was th e  o n ly  e n v iro n m e n ta l  v a r i a b l e  w hich was c o n t r o l l e d .
2. No a t te m p t  was made to  c o n t r o l  s l e e p ,  p h y s i c a l  and 
m en ta l  a c t i v i t y ,  o r  o t h e r  a s p e c t s  o f  th e  l i f e  s t y l e  o f  th e  s u b j e c t s .
3 . M o t iv a t io n a l  d i f f e r e n c e s  o f  th e  s u b j e c t s  o v e r  an  e x ten d ed  
tim e  span may have a f f e c t e d  r e s u l t s  o f  th e  s tu d y .
4 . The m otor p e rfo rm an ce  t a s k s  u se d  in  t h e  s tu d y  were l i m i t e d  
to  hand and arm movements.
SIGNIFICANCE OF THE STUDY
I n v e s t i g a t i o n s  o f  b i o l o g i c a l  rhy thm s as  th e y  r e l a t e  to  human 
m otor pe rfo rm an ce  c o u ld  have f a r  r e a c h in g  e f f e c t s  on th e  d i s c i p l i n e  
o f  p h y s ic a l  e d u c a t io n .  P h y s i c a l  e d u c a to r s  have  lo n g  r e c o g n iz e d  t h a t  
d e m o n s tra ted  p h y s i c a l  m otor p e rfo rm an ces  v a r y  among i n d i v i d u a l s  a t  
any g iv e n  t im e  and w i t h i n  a  g iv e n  i n d i v i d u a l  from  t im e  to  t im e .  
P h y s ic a l  e d u c a to r s  have  c o n c e n t r a t e d  t h e i r  r e s e a r c h  e f f o r t s  i n  such  
f i e l d s  a s  k i n e s i o l o g y ,  p h y s io lo g y ,  and p sy ch o lo g y . However, r e s e a r c h  
i n  th e  tem p o ra l  a s p e c t s  o f  human p h y s i c a l  p e rfo rm an ce  h a s  b een  s c a r c e .
The s tu d y  o f  b i o l o g i c a l  rhythm s i n  human m otor perfo rm ance
has  been  f a c i l i t a t e d  by th e  developm ent o f  m a th e m a t ic a l  te c h n iq u e s
and th e  u t i l i z a t i o n  o f  com puters  to  p l o t  rh y th m s, e s p e c i a l l y  th e  low
13fre q u e n c y  ran g e  rhy thm s w hich a r e  d i f f i c u l t  to  d e t e c t .
Measurement and e v a l u a t i o n  in  p h y s i c a l  e d u c a t io n  may be
g r e a t l y  i n f lu e n c e d  by knowledge g a in ed  in  th e  i n v e s t i g a t i o n  o f
b i o l o g i c a l  rhy thm s. Luce n o te d  t h a t :
Even i f  r e p l i c a t i o n  o f  e x p e r im e n ts  w ere  c o n d u c te d  a t  
p r e c i s e l y  th e  same c lo c k  h o u r s ,  t h i s  does n o t  mean t h a t  an im a ls  
o r  v o lu n t e e r s  had a l l  been  s y n c h ro n iz e d  to  e x a c t l y  th e  same 
sc h e d u le  and were a t  th e  same b i o l o g i c a l  tim e o f  day.-*-
The above f a c t  must be  c o n s id e re d  in  r e s e a r c h .  Luce a l s o
p r e d i c t e d ,  however, t h a t  tim e c h a r t s  b a se d  on a c c u r a t e  s t a t i s t i c a l
a n a l y s i s  w i l l  a id  o u r  u n d e r s ta n d in g  o f  p e r fo rm an c e ,  e s p e c i a l l y  when
a m p l i f i e d  by f u r t h e r  e x p e r im e n t s .
Knowledge o f  m otor perfo rm ance  c y c l e s  co u ld  c o n c e iv a b ly  a l lo w
f o r  d e g re e s  o f  p r e d i c t a b i l i t y  i n  p e r fo rm an c e ,  w hich would be an
in v a lu a b le  a s s e t  r a n g in g  from more s e n s i t i v e  s c h e d u l in g  o f  a t h l e t i c
e v e n ts  to  more e f f i c i e n t  a ss ig n m e n t  o f  work s h i f t s  i n  i n d u s t r y .
Colquhoun m a in ta in e d :
13 R ein b erg ,  C y c le s , op . c i t . ,  p .  176.
14Gay Gaer L uce , B i o l o g i c a l  Rhythms in  Human and Animal 
P h y s io lo g y  (New York: Dover P u b l i c a t i o n s ,  I n c . ,  1 9 7 1 ) ,  p .  2 .
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I b i d . ,  p. 56,
I f  we u n d e rs to o d  more a b o u t  th e  rhythm s o f  t h e  body and 
b r a i n  we m ig h t be a b le  to  d e c id e  more s e n s i b l y  when to  w ork, 
ta k e  h o l i d a y s ,  do t h in g s  t h a t  r e q u i r e  c o n c e n t r a t i o n ,  and even  
how t o  r a i s e  o u r s e lv e s  o u t  o f  s l o t h  and i n a c t i v i t y .
P e rh a p s ,  p h y s i c a l  e d u c a t io n  i n  th e  n e a r  f u t u r e  w i l l  b e  a b l e  to  d i s c u s s
b i o l o g i c a l  rhythm s i n  human m oto r  p e rfo rm an ce  w i th o u t  q u o t in g  t h e o r i e s
b ased  on u n s u b s t a n t i a t e d  tim e fo r m u la s .  U n d e rs ta n d in g  m an 's  tim e
s t r u c t u r e  as w e l l  a s  h i s  p h y s i c a l  s t r u c t u r e  would c e r t a i n l y  enhance
knowledge o f  human b e h a v io r .  Time a s p e c t s  o f  l i f e  a r e  becom ing more
and more im p o r ta n t .  W ithou t q u e s t i o n ,  th e  s tu d y  o f  tim e w i l l  h e lp
man to  u n d e r s ta n d  how he h im s e l f  f u n c t i o n s . ^
^ C o lq u h o u n ,  op. c i t . ,  p .  36.
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G. J .  W hitrow , The M ature o f  Time (New York; H o l t ,  R in e h a r t ,  
W inston , 1972), p .  67 .
C h ap te r  2
REVIEW OF THE RELATED LITERATURE
A su rv e y  o f  th e  r e l a t e d  l i t e r a t u r e  on th e  s u b j e c t  o f
b i o l o g i c a l  rhythm s r e v e a l s  a  ran g e  from  c a r e f u l ,  s c i e n t i f i c  s t u d i e s
to  u n r e l i a b l e  a r t i c l e s  b o r d e r in g  on s e n s a t i o n a l i s m  and r e m in i s c e n t
o f  a s t r o l o g y .  I n t e r e s t  i n  th e  f i e l d  h a s  e x i s t e d  f o r  a c o n s id e r a b le
tim e and h a s  i n t e n s i f i e d  ov e r  th e  l a s t  s e v e r a l  y e a r s ,  w i th  th e  r e s u l t
t h a t  te rm in o lo g y  h a s  changed c o n s i d e r a b l y .  In  s c i e n t i f i c  in d e x es
b e f o r e  1960 th e  s u b j e c t  was u s u a l l y  l i s t e d  u n d e r  " b i o l o g i c a l  t im e
c l o c k s , "  " p e r i o d i c i t y , "  " i n t e r n a l  c l o c k s , "  and " p l a n t  and an im a l
rh y th m s ."  More r e c e n t l y  th e  te rm  c i r c a d i a n ,  meaning a b o u t  a day and
c r e d i t e d  to  Dr. F ran z  H a lb erg  o f  th e  U n i v e r s i t y  o f  M inneso ta  M edical
S c h o o l ,  has  become th e  keyword in  l i t e r a t u r e  c o n c e rn in g  b i o l o g i c a l
18rhy thm s i n  p l a n t s  and a n im a ls .
B i o l o g i c a l  rhythm s a r e  germane t o  a number o f  d i s c i p l i n e s ,  
ev id en c e d  by th e  v a r i e t y  o f  s o u rc e s  c o n t a i n i n g  s t u d i e s  r e l a t e d  to  
th e  s u b j e c t .  However, s o u rc e s  s p e c i f i c a l l y  r e l a t i n g  human m otor 
p e rfo rm ance  to  b i o l o g i c a l  rhy thm s a r e  l i m i t e d .
To g iv e  g r e a t e r  c l a r i t y  and c o n t i n u i t y  to  th e  s u b j e c t  o f  
b i o l o g i c a l  rh y th m s, th e  re v ie w  o f  th e  l i t e r a t u r e  was d iv id e d  i n t o  
f i v e  s e c t i o n s  a s  f o l l o w s :  (1 ) h i s t o r y  o f  th e  s c ie n c e  o f  b i o l o g i c a l
Ju rg e n  A sc h o f f ,  Cold S p r in g  H arbo r  Symposia on Q u a n t i t a t i v e  
B io lo g y .  V o l. XXV, B i o l o g i c a l  C locks (B a l t im o re :  W averly  P r e s s ,  I n c . ,
196 0 ) ,  pp . 11 -25 .
io
rhy thm s, (2) the  n a tu r e  o f  b i o l o g i c a l  rhy thm s, (3) b i o l o g i c a l  rhythms 
in  p l a n t s  and a n im a ls ,  (4) b i o l o g i c a l  rhythm s in  humans, and (5) 
b i o l o g i c a l  rhythms in  human motor pe rfo rm ance .
HISTORY OF THE SCIENCE OF BIOLOGICAL RHYTHMS
B i o lo g ic a l  rhythm r e s e a r c h  i s  a young a re a  o f  i n v e s t i g a t i o n .
Though th e  endeavors  o f  th e  l a s t  t h i r t y  y e a r s  have produced an
abundance o f d a t a ,  l i t t l e  i s  known ab o u t th e  o r i g i n  and mechanism o f
19b i o l o g i c a l  rhy thm s. A p p a ren t ly  r e s e a r c h e r s  a r e  j u s t  b e g in n in g  to
probe one o f  n a t u r e ' s  b a s ic  s e c r e t s ,  th e  rhythm ic  r e p e t i t i o n  of
e v e n ts .  Dewey and Mandino concluded  t h a t  when th e  l a s t  door i s
un locked  in  th e  q u e s t  o f  knowledge c o n ce rn in g  b i o l o g i c a l  rhy thm s, man
may w e ll  have the  answers to  th e  w o r ld 's  g r e a t e s t  m y s te ry ,  c y c le s  and 
?0t h e i r  c a u se s .
A lthough b i o l o g i c a l  rhythm s i s  a r e l a t i v e l y  new a re a  of 
i n v e s t i g a t i o n ,  i t  has  been re c o g n ize d  f o r  more th a n  two hundred y e a r s  
t h a t  c e r t a i n  d i u r n a l l y  p e r io d ic  p ro c e s s e s  a re  n o t  n e c e s s a r i l y  a l t e r e d  
by an e x p e r im e n ta l  c e s s a t i o n  o f  th e  a l t e r a t i o n  o f  l i g h t  and d a rk n ess  
o r  o f  h igh  and low te m p e ra tu re .  Such ex p er im en ts  were c a r r i e d  o u t  
w ith  p l a n t s  by the  a s tro n o m er DeMairan in  1729. The ex p er im en ts  
c a r r i e d  on over two hundred y e a r s  ago b e a r  s i g n i f i c a n t l y  on c u r r e n t  
p h y s io lo g ic a l  problems r e l a t e d  to  e a s t - w e s t  and w e s t - e a s t  a i r  t r a v e l
■^A. S o l l b e r g e r ,  B io lo g ic a l  Rhythm R esearch  (New York: 
E l s e v i e r  P u b l i s h in g  Company, 1965), p r e f a c e .
■^Edward R. Dewey and Og Mandino, C ycles  (New York: Hawthorn 
Books, I n c . ,  1 9 /1 ) ,  p . 2.
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and even to  space  f l i g h t .  x Luce ag reed  w ith  Bunning t h a t  th e  s tu d y
o f  b i o l o g i c a l  rhythm s began w i th  th e  e ig h te e n th  c e n tu ry  b o t a n i c a l
s t u d i e s  o f  le a v e s  and f lo w e rs  which e x h ib i t e d  rhy thm ic  changes .
These e a r l y  i n v e s t i g a t i o n s  uncovered  c lu e s  t h a t  su g g es te d  t h a t  rhythms
22i n  p l a n t s  may have a g e n e t i c  b a s i s .
The im portance  o f  a tw e n ty - fo u r  h o u r  day h a s  d o u b t l e s s ly
been  known to  man f o r  many c e n t u r i e s ,  and s p e c i f i c  n o te  o f  t h a t
im portance  was made more th a n  160 y e a r s  ago by C. W. Hufeland who
w ro te  " t h a t  p e r io d  o f  tw e n ty - fo u r  h o u rs  . . . i s  as  i t  w ere , the
u n i t y  o f  our n a t u r a l  ch rono logy .
As tim e p ro g r e s s e d ,  o th e r  rhythms became known to  man. In
1338, Dr. Hyde C la rk  o f  England was th e  f i r s t  to  r e p o r t  rhythm ic  ups
and downs i n  b u s in e s s  a c t i v i t y .  E r n e s t  T. S e to n ,  th e  American
n a t u r a l i s t ,  was one o f  th e  f i r s t  to  c a l l  th e  p u b l i c ' s  a t t e n t i o n  to
rhy thm ic  v a r i a t i o n s  i n  p o p u la t io n s  o f  a n im a ls .  In  1875, Samuel
Benner became th e  f i r s t  American to  r e c o g n iz e  rhy thm ic  c y c le s  in  
24p r i c e s .
Much has  b een  w r i t t e n  ab o u t a  tw e n ty - th re e  day p h y s ic a l ,  
tw e n ty - e ig h t  day e m o t io n a l ,  and t h i r t y - t h r e e  day i n t e l l e c t u a l  rhythms
^ E r w i n  B unning , Cold S p r in g  H arbor Symposia on Q u a n t i t a t i v e  
B io lo g y . Vol. XXV, B io l o g i c a l  C locks (B a l t im o re :  W averly P r e s s ,  I n c . ,
1960 ), pp. 1 -9 .
^ L u c e ,  B io l o g i c a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op , c i t . ,  p . 11.
^^Erwin Bunning, The P h y s io lo g ic a l  Clock -  Endogenous D iu rn a l  
Rhythms and B io l o g i c a l  Chronometry (New York: Academic P r e s s ,  I n c . ,  
1964), p . 129.
24Dewey and Mandino, lo c .  c i t .
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i n  man. The th e o ry  was o r i g i n a t e d  i n  1887 by Wilhelm F l i e s s ,  a
German p h y s ic i a n ,  who developed  a  "form ula" f o r  b i o l o g i c a l  rhythm s.
F or twenty y e a r s  F l i e s s  c o l l e c t e d  d a ta  on l i t e r a l l y  thousands  o f
p e o p le ,  c h a r t i n g  th e  ups and downs o f  t h e i r  l i v e s  from " a c c id e n ts  to  
25
pay r a i s e s . "  F l i e s s  c la im ed  t h a t  th e re  were two b a s i c  c y c le s  in  
human n a t u r e ,  a p p l i c a b l e  b o th  to  men and to  women: (1) a p h y s ic a l
c y c le  o f  tw e n ty - th r e e  days d u r a t i o n ,  and (2) an em o tio n a l c y c le  w ith  
a  tw e n ty -e ig h t  day p e r io d .  In  1928 Dr. A lf r e d  T e l t s c h e r ,  an 
A u s t r ia n  p r o f e s s o r ,  s tu d ie d  f i v e  thousand h ig h  schoo l and u n i v e r s i t y  
s tu d e n t s  s e e k in g  to  f in d  a rhy thm ic  p a t t e r n  o f  c l e a r  t h in k in g  and 
a l e r t n e s s .  The r e s u l t i n g  c h a r t s  c o r r o b o r a te d  th e  F l i e s s  tw e n ty - th re e  
day and tw e n ty - e ig h t  day c y c le s ,  b u t  a t h i r t y - t h r e e  day i n t e l l e c t u a l  
c y c le  o f  memory, a l e r t n e s s ,  and r e a s o n in g  power was a l s o  i d e n t i f i e d . 26 
Luce r e p o r te d  t h a t  F l i e s s '  form ula was b ased  on th e  
a ssum ption  t h a t  p eo p le  were b i s e x u a l  in  a s s ig n in g  s p e c i f i c  tim e to  
p h y s ic a l  and e m o tio n a l  c y c l e s .  Luce r e l e g a t e d  th e  F l i e s s  th e o ry  to  
th e  c a te g o ry  o f  m ythology and d e s c r ib e d  F l i e s s '  form ula  a s  c h i l d i s h ,  
however, i t  was conceded t h a t  F l i e s s '  u n d e r ly in g  con cep t may n o t  be 
so  f a r - f e t c h e d .  I t  does seem s e n s i b l e  f o r  p eo p le  to  a t te m p t  to  
f o r e c a s t  t h e i r  rhythms e m p i r i c a l l y .  This m igh t be p o s s ib l e  by 
r e c o rd in g  a l l  p h y s i c a l ,  e m o t io n a l ,  and m en ta l p e rfo rm ances ; f e e l i n g s ;  
a t t e n t i o n ;  w e ig h t  and o th e r  symptoms a t  v a r io u s  hours  o f  th e  day f o r  
lo n g  p e r io d s  o f  t im e . A n a ly s is  o f  such complex d a ta  would r e q u i r e
^ H e n r y  S t i l l ,  Of Time, T id e s ,  and In n e r  Clocks ( H a r r i s b u rg ,  
P e n n sy lv a n ia ;  S ta c k p o le  Books, 197 2 ),  p . 47.
26I b id .
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more th a n  a s im p le  fo rm u la ,  f o r  a l l  peop le  a r e  rhy thm ic  b e in g s ,  bu t
th e  s l i g h t  v a r i a t i o n s  from p e rso n  to  p e rso n  m ight w e l l  make a huge
27 28d i f f e r e n c e  in  m onthly o r y e a r ly  u n d u la t io n s ,  *
Mackenzie observed  t h a t  th e  t h r e e - c y c l e  th e o ry  ( tw e n ty - th r e e ,  
tw e n ty - e ig h t ,  and t h i r t y - t h r e e  day b io rhy thm s) has  n o t  y e t  been 
s c i e n t i f i c a l l y  p roven . The a u th o r  gave th e  g r e a t e s t  c r e d i b i l i t y  to 
the  tw e n ty -e ig h t  day em o tio n a l c y c le ;  s t a t e d  t h a t  th e  tw e n ty - th re e  
day p h y s ic a l  c y c le  has l e s s  to  back  i t  up ,  b e in g  b ased  p r i n c i p a l l y  
on m ed ica l d a ta ;  and concluded  t h a t  th e  t h i r t y - t h r e e  day i n t e l l e c t u a l  
b io rhy thm  i s  su p p o r te d  by th e  l e a s t  v e r i f i c a t i o n ,  pe rhaps  becau se
pq
few s c i e n t i s t s  have e x p re ssed  i n t e r e s t  i n  i t .
B io ry thm ic  News r e p o r te d  t h a t  th e  most s u r p r i s i n g  weakness o f  
th e  p o p u la r i z e r s  o f  b io rhy thm s i s  t h e i r  l a c k  o f  u n d e rs ta n d in g  o f  the  
n a tu r e  o f  tim e and th e  com ple te  d i s r e g a r d  f o r  th e  f req u en cy  domain, 
coup led  w i th  th e  f a c t  t h a t  com petence i n  e lem en ta ry  m athem atics  i s  
la c k in g .  Because o f  a la c k  o f  knowledge, th e  p o p u la r i z e r s  r e l y  on 
m ag ica l tw e n ty - th r e e ,  tw e n ty - e ig h t ,  and t h i r t y - t h r e e  day c y c le s  which 
o r i g i n a t e  a t  b i r t h .  There i s  no s c i e n t i f i c  ev id en ce  f o r  th e  tw enty- 
t h r e e ,  tw e n ty - e ig h t ,  and t h i r t y - t h r e e  day c y c le s  a s  u se d .  The tw enty- 
e i g h t  day c y c l e ,  a s  a b i o l o g i c a l  c h a r a c t e r i s t i c  o f  b o th  human males
^ L u c e ,  B io lo g ic a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op . c i t . ,  p .  8 .
28 Gay Gaer Luce, Body Time (New York: Pantheon Books, 1971),
p .  25.
^ J e a n  M ackenzie, "How Bio Rhythms A f f e c t  Your L i f e , "  S c ience  
D i g e s t . LXXIV (A ugust, 1973), 18-22.
14
and fe m a le s ,  i s  a  f a c t .  However, i t  i s  n o t  u sed  by p o p u la r  b io rh y th m  
p ro m o ters  i n  th e  a c c e p te d  p h y s i o l o g i c a l  s e n s e .  The e d i t o r s  o f  
B io ry thm ic  News concluded  t h a t  c u r r e n t  p o p u la r  '’b io rh y th m "  c h a r t s ,  
d e v i c e s ,  c a l c u l a t o r s ,  and com puter program s b a se d  on th e  t w e n ty - th r e e ,  
tw e n t y - e i g h t ,  and t h i r t y - t h r e e  day c y c le  th e o r y ,  a s  w e l l  a s  most 
c u r r e n t  l i t e r a t u r e  r e l a t i n g  to  t h a t  t h e o r y ,  sh o u ld  be  u t i l i z e d  f o r  
e n t e r t a i n m e n t  and amusement on ly .^®  C a r e f u l l y  fo rm u la te d  s t u d i e s  
i n v o lv in g  m e t ic u lo u s  c o l l e c t i o n  o f  d a t a  and th e  u se  o f  modern 
s t a t i s t i c a l  p ro c e d u re s  a r e  needed i n  t h i s  f i e l d .
SUMMARY OF THE HISTORY OF THE SCIENCE 
OF BIOLOGICAL RHYTHMS
W hile b i o l o g i c a l  rhythm s i n  p l a n t s  and a n im a ls ,  and even 
rhythm s i n  p r i c e s  i n  th e  b u s in e s s  w o r ld ,  w ere  i n v e s t i g a t e d  i n  th e  
e i g h t e e n t h  and n i n e t e e n t h  c e n t u r i e s ,  b i o l o g i c a l  rhy thm  r e s e a r c h  i s  a 
r e l a t i v e l y  young f i e l d  o f  i n v e s t i g a t i o n ,  h a v in g  made i t s  g r e a t e s t  
s t r i d e s  o v e r  th e  l a s t  t h i r t y  y e a r s .
R esearch  s e r v e s  n o t  o n ly  to  e s t a b l i s h  f a c t s  b u t  to  d i s p e l  
m yths. The th e o ry  t h a t  t h e r e  a r e  t w e n t y - t h r e e , t w e n t y - e i g h t ,  and 
t h i r t y - t h r e e  day c y c le s  i n  man, b a se d  on d a t e  o f  b i r t h ,  i s  n o t  
s u p p o r te d  by r e s e a r c h .  C r i t i c s  o f  th e  supposed  c y c l e s  c la im  t h e r e  i s  
no s c i e n t i f i c  ev id en c e  t o  s u p p o r t  th e  th e o ry ,  b u t  r a t h e r  t h a t  th e  
c y c l e s  a p p e a r  to  be b a se d  l a r g e l y  on c o in c id e n c e  and s e l e c t i v e  
r e p o r t i n g .
30B iory thm ic  News, op .  c i t , ,  pp .  1 -6 .
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THE NATURE OF BIOLOGICAL RHYTHMS
I n v i s i b l e  rhy thm s u n d e r l i e  most o f  w hat i s  assumed to  be 
c o n s t a n t  i n  n a t u r e .  L i f e  i s  i n  c o n t i n u a l  f l u x ,  b u t  th e  change i s  
n o t  c h a o t i c .  The rh y th m ic  n a tu r e  o f  l i f e  on e a r t h  i s ,  p e rh a p s ,  i t s  
most u s u a l  y e t  o v e r lo o k e d  p r o p e r ty .  Examples o f  e a r t h ' s  rhythm s a re  
n i g h t  fo l lo w in g  day , s e a s o n a l  c h a n g e s ,  and th e  ebb and f low  o f  th e  
t i d e s . 3*- A l l  o rgan ism s  ( p l a n t s  and a n im a ls ,  i n c lu d in g  b o th
v e r t e b r a t e s  and i n v e r t e b r a t e s )  have  s p o n tan eo u s  rhythm s w i th  d u r a t i o n s
32r a n g in g  from  m i l l i s e c o n d s  to  y e a r s .  For exam ple, some an im a ls
s l e e p  a t  n i g h t  and a r e  a c t i v e  d u r in g  th e  day; some a n im a ls  h i b e r n a t e
d u r in g  th e  w i n t e r  months and o t h e r s  do n o t ,  and so on.
Some s c i e n t i s t s ,  even  to d a y ,  f a i l  t o  r e c o g n iz e  c y c l e s  i n  any
f i e l d  b u t  t h e i r  own. I f  c y c le s  a r e  c h a r a c t e r i s t i c  o f  a l l  l i v i n g
t h i n g s ,  i t  would seem l o g i c a l  t h a t  knowledge o f  c y c l e s  from d i s c i p l i n e
33to  d i s c i p l i n e  would r e i n f o r c e  o n e 's  own d i s c o v e r i e s .  I n t e r e s t  in  
b i o l o g i c a l  rhy thm s h a s  l e d  t o  th e  developm ent o f  a  new b ra n c h  o f  
b io lo g y ,  b io rh y th m o lo g y  o r  c h r o n o b i o l o g y . ^
The te rm  c y c le  means "coming around  a g a in  to  th e  p la c e  o f  
b e g i n n i n g . "  I f  a c y c l e  i s  com ple ted  i n  a  r e g u l a r  t im e  p e r io d ,  th e
^■^Luce, B i o l o g i c a l  Rhythms i n  Human and Animal P h y s io lo g y , 
o p .  c i t . ,  p .  1.
^ S o l l b e r g e r ,  o p .  c i t . ,  p .  75.
-^Dewey and M andino, op .  c i t . ,  p .  30.
34H u b e r tu s  S t r u g h o ld ,  Your Body Clock (New York: C h a r le s
S c r i b n e r ' s  S o n s ,  1 9 7 1 ) ,  p .  23.
16
te rm  rhythm  i s  used.-*-’ The im p o r ta n t  q u e s t io n  i s :  how does the
" i n t e r n a l  c lo c k "  o f  l i v i n g  m a t t e r  o p e ra te ?  The T w e n ty -F if th  Cold 
S p r in g  H arbor Symposia d e d ic a te d  to  b i o l o g i c a l  c lo c k s  la b e le d  t h i s  
th e  h a r d e s t  q u e s t io n  f o r  th e  Symposium. The s l i g h t  tem p e ra tu re  
dependence o f  th e  p e r io d  l e n g th  s u g g e s ts  t h a t  th e  c lo c k  o p e r a te s  by 
a p h y s ic a l  r a t h e r  th an  a ch em ica l  mechanism. I t  may in v o lv e  an 
i n t e r a c t i o n  o f  chem ica l p ro c e s s e s  w i th  d i f f e r i n g  tem p e ra tu re  
c o e f f i c i e n t s .  E vidence i n d i c a t e s  t h a t  th e  c lo c k  o p e r a te s  by an 
a l t e r n a t i o n  o f  t e n s io n  and r e l a x a t i o n ;  t h a t  i s ,  by r e l a x a t i o n  
o s c i l l a t i o n .  Bunning s t a t e d  t h a t  "we have , f i g u r a t i v e l y  sp e a k in g ,  
damaged the  hands o f  th e  c lo c k  o r  v i o l e n t l y  tu rn e d  them w ith  our 
f i n g e r s ;  b u t  we have n o t in f lu e n c e d  th e  c lo c k  work i t s e l f . "
Many s t u d i e s  r e l a t i v e  to  th e  s p e c i a l  c lo ck -p ro b le m  have used 
th e  term  " c i r c a d i a n "  (meaning ab o u t  a  d a y ) . The averag e  p e r io d  of 
i n t e r n a l  c lo c k s  i s  ab o u t tw e n ty - fo u r  h o u rs  and th e  c lo c k  ru n s  
c o n t in u o u s ly .  A scho ff  s t a t e d  t h a t  p e r i o d i c i t y  can  be p u re ly  
exogenous. In  t h a t  c a s e ,  env ironm ent i s  th e  r e a l  and o n ly  cau se  of 
th e  rhy thm , w hich th en  c e a s e s  i n  a r t i f i c i a l  c o n s t a n t  c o n d i t i o n s .  
However, c i r c a d i a n  rhythm s a r e  endogenous; t h e i r  so u rc e  i s  w i t h i n  the  
o rgan ism  i t s e l f .  The p e r io d i c  environm ent o p e r a te s  on ly  a s  a 
sy n c h ro n iz in g  a g e n t . ^
S^Hewey and Mandino, op . c i t . ,  p . 11.
Q  d  |  p
J  Bunning, Cold S p r in g  H arbor Symposia on Q u a n t i t a t i v e  
B io lo g y ., l o c .  c i t .
37A sch o ff ,  l o c .  c i t .
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S tru g h o ld  co n cu rred  w i th  A sch o ff  i n  s t a t i n g  t h a t  t h e r e  a r e
two b a s ic  ty p es  o f  c y c l e s :  (1) exogen b i o l o g i c a l  rhythm s caused  by ,
and dependent upon, e x t e r n a l  en v iro n m en ta l  c y c l e s ;  and (2) endogen
b i o l o g i c a l  rhy thm s, most o f  w hich o r i g i n a t e  in d e p e n d e n t ly  a s  an
in h e r e n t  p ro p e r ty  o f  l i f e .  In  th e  c o u rse  o f  e v o lu t io n ,  th e y  have
become in f lu e n c e d  by and sy n ch ro n ized  w i th  e x t e r n a l ,  p h y s i c a l  and
rh y th m ic a l ly  r e c u r r i n g  en v iro n m en ta l  f a c t o r s  o f  th e  n o n - l i v in g  w o r ld .
S tru g h o ld  no ted  t h a t  o f  the  p h y s ic a l  c y c le s  o f  th e  u n iv e r s e ,  o n ly
those  w i th in  th e  s o l a r  system  have an e f f e c t  on th e s e  two ty p e s  o f
38b i o l o g i c a l  rhythm s.
H alberg  p o in te d  o u t  t h a t  th e  o rgan ism , as  w e l l  as  i t s  p a r t s ,  
u s u a l l y  does n o t  f u n c t io n  a t  a c o n s t a n t  r a t e  a lo n g  a  tw e n ty - fo u r  
hour s c a l e .  Many o f  i t s  d i v e r s e ,  d i s c r e t e  changes do no t r e c u r  a t  
p u re ly  chance i n t e r v a l s .  I t  i s  n o t  uncommon to  e n c o u n te r  c i r c a d i a n  
r e p e t i t i v e  sequences o f  e v e n ts .  Th is  o r g a n iz a t i o n  in  tim e has 
a p p a r e n t ly  evo lved  th rough  g e n e t i c  a d a p ta t io n  o f  body m etabo lism  to  
a t e r r e s t r i a l  env ironm en t.  An o rg an ism ’ s c i r c a d i a n  b e h a v io r  seems to  
be p l a s t i c  r a t h e r  th an  r i g i d .  The c i r c a d i a n  tim e s t r u c t u r e ,  an 
a d a p t iv e  f e a t u r e  o f  most s p e c i e s ,  i s  an  a s p e c t  o f  f u n c t i o n a l  i n t e ­
g r a t i o n  i n  a g iven  in d i v i d u a l ;  i t s  g e n e ra l  c h a r a c t e r i s t i c  re sem b le s
s y n c h r o n iz a t io n  in  th e  p h y s ic a l  sen se  r a t h e r  than  th e  c o in c id e n c e  in
3 9
time o f  c e r t a i n  peaks o r  t ro u g h s .
38S tru g h o ld ,  lo c .  c i t .
■^Frariz H a lberg , Cold S p r ing  H arbor Symposia on Q u a n ta t iv e  
B io lo g y . Vol. XXV, B io lo g ic a l  C locks (B a l t im o re :  W averly P r e s s ,  I n c . ,
1960), pp. 289-307.
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S t i l l  n o te d  t h a t  many c i r c a d i a n  rhythm s p e r s i s t  no m a t t e r  
w hat m easures  a r e  ta k e n  t o  change them. In  some c a s e s  t i s s u e s  
removed from  th e  body and k e p t  a l i v e  have c o n t in u e d  to  th ro b  w i th  
th e  same tempo a s  i f  th e y  were s t i l l  p a r t  o f  th e  body . The rhy thm  
e x i s t s  even in  s i n g l e  c e l l s . S t i l l  a l s o  s u g g e s te d  t h a t  p e r i o d i c i t i e s
i 1
may be v e s t i g e s  l e f t  o v e r  from e v o l u t i o n .
B en n e t t  t h e o r i z e d  t h a t  c y c l e s  which r e c u r  a t  12 .4  h o u r
i n t e r v a l s  a r e  t i d a l  o r  p r im ary  l u n a r  o n e s ,  w h ile  th o s e  o f  2 4 .8  h o u rs
a r e  lu n a r - d a y  rhy thm s. The f r e q u e n c i e s  o f  b o th  ty p e s  o f  l u n a r  c y c le s
a r e  th e  same as th o s e  o f  c y c l e s  o f  t h e  env ironm en t w hich r e f l e c t
movements o f  th e  e a r t h  r e l a t i v e  to  th e  moon, and th o s e  of th e  g r e a t
a i r  and w a te r  masses o f  th e  e a r t h  w hich  a re  cau sed  b y  th e  p o s i t i o n  o f
e a r t h  v i s - a - v i s  moon. The lu n a r  month o f  29 .75  day  rhythm s h a s  been
w e l l  documented f o r  many o rg a n ism s .  A m onthly  rh y th m  may be th e
consequence  o f  th e  o rg a n is m 's  s im u l ta n e o u s  f u n c t i o n i n g  a t  s o l a r - d a y
and lu n a r -d a y  f r e q u e n c i e s .  L u n ar-m o n th ly  rhythm s a l lo w  o rg an ism s  to
l i v e  i n  tim e w i th  the  o r b i t i n g  o f  th e  moon around  th e  e a r t h .  L e a s t
s tu d ie d  o f  th e s e  c y c le s  h a s  b een  a n n u a l  c y c l e s ,  t h e  tim e o f  th e
42r e v o l u t i o n  o f  th e  e a r t h  around  th e  su n .
Brown a c c e p te d  two h y p o th e se s  c o n ce rn in g  th e  n a tu r e  o f  th e  
p r im ary  t im e r  o f  th e  b i o l o g i c a l  c lo c k  system : (1 )  e ac h  o rg an ism
i n d i v i d u a l l y  i s  by i t s  p h y s i c a l  n a t u r e  a t im e r  in d e p e n d e n t ly  c a p a b le
^ S t i l l ,  op. c i t . ,  p .  51. 
^ I b i d . ,  p . 54.
“̂ B e n n e t t ,  op . c i t . ,  p .  8 .
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o f  m easu ring  c l o s e l y  th e  d u r a t io n s  o f  d a y s ,  t i d e s ,  m onths, and y e a r s ;
and (2) a l l  o rg an ism s  depend s t e a d i l y  on an  in f lo w  o f  p e r v a s iv e ,
s u b t l e  i n f o r m a t io n  from t h e i r  rh y th m ic  p h y s i c a l  en v iro n m en t f o r  th e
43t im in g  o f  t h e i r  rhythm s h a v in g  c l o s e  t o  th e s e  same p e r i o d s .  Brown 
r e p o r t e d  t h a t  te m p e ra tu re  c y c l e s ,  l i k e  l i g h t  c y c l e s ,  c an  a l s o  be  u sed  
t o  e n t r a i n  and s e t  th e  phase  o f  b i o l o g i c a l  rh y th m s. Brown n o te d  t h a t  
a n o th e r  p r o p e r ty  o f  b i o l o g i c a l  c lo c k s  i s  t h e i r  i n s e n s i t i v i t y  to  a 
g r e a t  v a r i e t y  o f  ch em ica l  i n h i b i t o r s ,  i n c lu d in g  n a r c o t i z i n g  a g e n ts  
and s u b l e t h a l  d o ses  o f  m e ta b o l ic  p o i s o n s .  W hile  a m p l i tu d e  o f  a 
rhythm  may be  d im in ish e d  w i th  th e  a p p l i c a t i o n  o f  a g e n ts  such a s  sodium 
c y a n id e ,  th e  p e r io d  rem a in s  e s s e n t i a l l y  u n a l t e r e d .  A no ther  p r o p e r ty  
o f  b i o l o g i c a l  rhythm s i s  t h a t  th e y  a r e  i n n a t e .  The p e r io d  i s  n o t  
l e a r n e d ,  o r  im p r in te d  upon o rgan ism s by th e  tw e n ty - fo u r  h o u r  day- 
n i g h t  l i g h t  and te m p e ra tu re  c y c l e s  p roduced  by th e  r o t a t i o n  o f  th e  
e a r t h .  T h is  has  been  d e m o n s t ra te d  by  r a i s i n g  an im a ls  from  b i r t h  and 
seed  from th e  tim e o f  g e rm in a t io n  i n  s t a t i c  l a b o r a t o r y  c o n d i t i o n s .
The d e v e lo p in g  o rgan ism s e i t h e r  become rh y th m ic  anew, o r  th e y  a r e  
a rh y th m ic  b u t  can  be made to  become rh y th m ic  by  s u b j e c t i n g  them to  a 
s i n g l e ,  n o n - p e r io d ic  s t i m u l u s . ^  In  k e ep in g  w i th  t h i s  c o n c e p t ,  any 
s e t t l i n g  a g e n t  o r  e n t r a i n i n g  a g e n t  i s  r e f e r r e d  t o  as  a  z e i t g e b e r .  
Z e i tg e b e r  was ta k e n  from  th e  German work ’’z e i t s i n n "  m eaning t im e - s e n s e ,  
f i r s t  u sed  by  th e  German z o o l o g i s t ,  Von B u t te l -R e e p e n ,  i n  1915 i n  th e
/  n
F ran k  A. Brown, J r . ,  The B i o l o g i c a l  C lock  -  Two Views (New 
York: Academic P r e s s ,  1970), p .  20.
44 I b i d . ,  p. 8 .
20
d e s c r i p t i o n  o f  p r e c i s e  v i s i t s  o f  honey bees to  f i e l d s  o f  buck w h e a t . ^
S o l l b e r g e r  r e p o r te d  t h a t  though knowledge a b o u t  th e  s y n c h r o n iz e r s  i s
l a c k in g ,  one may t e n t a t i v e l y  d i s t i n g u i s h  among t h r e e  k in d s :  dominant
s y n c h r o n iz e r s ,  such as  l i g h t ,  te m p e ra tu re ,  o r  th e  su r ro u n d in g  regim en;
weak s y n c h r o n iz e r s ,  which may presum ably  ta k e  over i f  t h e  dominant
ones d is a p p e a r  (example: b io m e te o ro lo g ic a l  i n f l u e n c e s ) ;  and s u b t l e
sy n c h ro n iz e r s  o f  more u n c e r t a i n  c h a r a c t e r ,  m ain ly  t h e o r e t i c a l
c o sm o b io lo g ic a l  c u e s . ^
In  d e t e c t i n g  rhythm s H alberg  and h i s  a s s o c i a t e s  have
e s t a b l i s h e d  a r a t i o  o f  s i x  sam pling i n t e r v a l s  to  one c y c le  l e n g th
( 6 : 1 ) .  C h a r t in g  o f  a rhythm  n e c e s s i t a t e s  measures a t  i n t e r v a l s  in  a
p ro p e r  r a t i o  to  th e  t o t a l  c y c l e . ^  Luce su g g es ted  t h a t  p e rh a p s ,  i n
h i s  long  e v o lu t io n  on a  tu r n in g  e a r t h ,  man has  a c q u ire d  a p rom inent
48in h e r e n t  r h y th m ic i ty  in  th e  range  o f  th e  s o l a r - l u n a r  day .
SUMMARY OF THE NATURE OF BIOLOGICAL RHYTHMS
Rhythms a re  v e ry  much a p a r t  o f  th e  w orld  man l i v e s  i n .  These 
rhythm s have d u r a t io n s  ra n g in g  from m i l l i s e c o n d s  to  y e a r s .
The c o n t r o l l i n g  m echanism(s) in  l i v i n g  o rganism s i s  r e f e r r e d  
to  a s  the  " b i o l o g i c a l  tim e c lo ck "  o r  the  " i n t e r n a l  c l o c k . "  T h e o r ie s  
on th e  o s c i l l a t i o n  o f  th e  " c lo c k "  c e n t e r  m os tly  around te m p e ra tu re
^ B e n n e t t ,  op. c i t . ,  p . 75.
^ S o l l b e r g e r ,  op, c i t . ,  p. 126.
^ L u c e ,  B io lo g ic a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op. c i t . ,  p . 85.
^ ® I b id . , p. 114,
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and chem ical r e g u l a t i o n .  Many o f  th e  " c lo c k s '1 a r e  c i r c a d ia n  
(meaning abou t a d ay ) .  These rhythms seem to  be p l a s t i c  r a t h e r  than  
r i g i d .  Most c i r c a d i a n  rhythms a r e  endogen b i o l o g i c a l  rhythm s, which 
o r ig i n a t e d  in d ep en d en tly  as an in h e re n t  p ro p e r ty  o f  l i f e .  On the 
o th e r  hand, exogen b i o l o g i c a l  rhythms a r e  caused  b y ,  and dependent 
on, e x te r n a l  env ironm enta l  c y c le s .  There a re  a l s o  many q u e s t io n s  as  
to  the  sy n c h ro n iz a t io n  o f  rhythm s. Three k in d s  o f  sy n ch ro n ize rs  
have been i d e n t i f i e d  and a r e  c l a s s i f i e d  as dom inant, weak, and s u b t l e  
s y n c h r o n iz e r s .
Because o f  the  s t ro n g  in f lu e n c e  o f  th e  s o l a r - l u n a r  day, many 
th e o r i e s  p e r t a i n i n g  to  b i o l o g i c a l  rhythms p o in t  toward in h e re n t  
rh y th m ic i ty ,  a p ro d u c t  o f  e v o lu t io n  on a r o t a t i n g  e a r th .
BIOLOGICAL RHYTHMS IN PLANTS AND ANIMALS
W ithout q u e s t io n ,  th e  m a jo r i ty  o f  r e s e a rc h  in  b io l o g i c a l  
rhythms has been in  the  f i e l d  o f  p la n t s  and a n im a ls .  The im portance  
of t h i s  r e s e a rc h  as i t  r e l a t e s  to  humans canno t be o v erlooked . Meier 
m ain ta ined  t h a t  man le a r n s  about humans by l e a r n in g  f i r s t  from more 
p r e d ic ta b l e  lower forms of the  b o ta n i c a l  and z o o lo g ic a l  k in g d o m s .^
P la n t s  and an im als  e x h ib i t  a v e ry  pronounced d a i ly  rhythm.^® 
Animals a l t e r n a t e  between r e s t  and a c t i v i t y  i n  a p e r io d  o f  about
49Opinion ex p ressed  by Dr. A lb e r t  M eier, Z o o lo g is t ,  i n  an 
a d d re ss  ( " B io lo g ic a l  C locks") a t  L o u is ia n a  S ta te  U n iv e r s i ty ,  Baton 
Rouge, November 6 , 1974.
50Luce, B io lo g ic a l  Rhythms in  Human and Animal P h y s io lo g y , 
op. c i t . , p . 1.
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tw e n ty - fo u r  h o u r s .  The c i r c a d i a n  rhy thm  o f  a c t i v i t y  and r e s t  seems
cn
in h e r e n t  in  a n im a ls .  In  l i k e  m anner, p l a n t s  a r e  c a p a b le  o f
52a d a p t in g  to  many d i f f e r e n t  l i g h t - d a r k  c y c l e s .
A c r e a t u r e ' s  s t r e n g t h  and w eak n esses  may be a s s o c i a t e d  w i th  
i t s  c i r c a d i a n  rhy thm . F o r  exam ple, m o r t a l i t y  r a t e s  i n  r a t s  v a r y  w i th  
th e  time o f  day r a t h e r  th a n  w i th  th e  amount o f  X - ra y s ,  v i r u s e s ,  
b a c t e r i a ,  o r  d ru g s  a d m in i s t e r e d .  N oise to  w hich  a  r o d e n t  i s  su b ­
j e c t e d  d u r in g  a r e s t  p e r io d  does  n o t  a f f e c t  th e  a n im a l .  However, th e  
same n o is e  may even  c a u s e  d e a th  i f  th e  an im a l i s  s u b j e c t e d  to  i t
d u r in g  th e  a c t i v i t y  p e r i o d . ^  Some a n im a ls  have re m a rk a b le  i n n e r
tim e s e n s e ,  b r i n g i n g  up th e  q u e s t i o n  a s  t o  w h e th e r  tim e  o f  day  can  
become a  c o n d i t io n e d  s t im u lu s .  Bees and a n t s  a r e  o f t e n  s tu d i e d  to  
g a in  more knowledge o f  t h e i r  re m a rk a b le  i n n e r  t im e  s e n s e .
A n o th e r  to p ic  o f  i n t e r e s t  i n  some a n im a ls  i s  t h e i r  a b i l i t y  
to  o r i e n t  o r  " n a v i g a t e "  u s in g  t h e  p o s i t i o n  o f  th e  sun a s  a  g u id e p o s t  
and com p en sa tin g  f o r  i t s  movement i n  tim e  w i th  th e  u s e  o f  an i n t e r v a l  
c h r o n o m e t e r . ^  W a l l r a f f  r e f u t e d  th e  th e o ry  o f  sun n a v i g a t i o n ,  a t  
l e a s t  i n  p ig e o n  homing, by s t a t i n g  t h a t  th e  b i o l o g i c a l  " c l o c k s "  
a l r e a d y  known s u f f i c e  to  e x p l a i n  th e  o r i e n t a t i o n  o f  an im a ls  and t h a t
51I b i d ,  p . 15.
52I b i d . ,  p .  121.
■ ^ I b i d . , p .  1.
" ^ I b i d . ,  p .  3.
^ A r t h u r  C hovnick , Cold S p r in g  H arb o r  Symposia on Q u a n t i t a t i v e  
B io lo g y , V ol. XXV, B i o l o g i c a l  C locks (B a l t im o re :  W averly P r e s s ,  I n c . ,
I 9 6 0 ) ,  fo rw a rd .
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t h e r e  i s  no need t o  assume t h a t  t h e r e  a r e  more s t a b l e  and  more e x a c t  
c h ro n o m e te r s . ^
Rawson's s tu d y  showed t h a t  endogenous c i r c a d i a n  rhythm  o f  an 
an im a l can  s e r v e  a s  a means o f  e s t i m a t i o n  o f  th e  tim e o f  day , 
in d e p e n d e n t  o f  e n v iro n m e n ta l  c l u e s .  Such a  " b i o l o g i c a l  c lo c k "  can  
e n a b le  th e  an im a l to  m a in ta in  s t r i c t l y  n o c tu r n a l  o r  d i u r n a l  h a b i t s ,  
o r  to  make u se  o f  sun-com pass o r i e n t a t i o n ,  p ro v id e d  th e  p e r io d  o f  th e  
rhythm  does n o t  d i f f e r  g r e a t l y  from tw e n ty - f o u r  hours.-*? In  k e ep in g  
w i th  t h i s  c o n c e p t ,  Luce p o in te d  o u t  t h a t  th e  f a r  r e a c h in g  e f f e c t s  of 
l i g h t  and d a rk n e s s  upon t h e  n e u ro e n d o c r in e  sy s tem  may b e g in  to  e x p la i n  
why b i r d s  and o t h e r  an im a ls  b e g in  m ig r a t io n  a t  p a r t i c u l a r  times.-*®
The rhythm s o f  some an im a ls  can  be u p s e t  by a  p h ase  s h i f t  i n
CQ
t h e i r  s l e e p  and a c t i v i t y  c y c l e .  S t i l l  o t h e r  an im a ls  such  a s  m ice , 
h a m s te rs  and h e te r o th e m ic  b a t s ,  m a in ta in  s t a b i l i t y  o f  endogenous 
a c t i v i t y  rhythm s even th ro u g h  l a r g e  chan g es  i n  t i s s u e  t e m p e ra tu re ,  
s u g g e s t in g  t h a t  th ey  r e l y  on t im in g  p ro c e s s  i n s e n s i t i v e  to  i n t e r n a l  
t e m p e ra tu re  c h a n g e s . ^  The q u e s t i o n  a s  t o  w hat s y n c h ro n iz e s  rhythm s 
in  a n im a ls  h a s  l e d  to  s t u d i e s  u s in g  s u b t l e  s y n c h r o n iz e r s .  B e n n e t t
56 Hans G. W a l l r a f f*  Cold S p r in g  H a rb o r  Symposia on Q u a n t i t a t i v e  
B io lo g y . V o l.  XXV, B i o l o g i c a l  C locks (B a l t im o re :  W averly P r e s s ,  I n c . ,
pp . 451 -459 .
** ̂ Kenneth S. Raws on , Cold S p r in g  H arb o r  Symposia on 
Q u a n t i t a t i v e  B io lo g y . V ol. XXV, B i o l o g i c a l  C locks (B a l t im o re :  W averly
P r e s s ,  I n c . ,  196 0 ),  pp. 105-113 .
-*®Luce, B i o l o g i c a l  Rhythms in  Human and Animal P h y s io lo g y , 
op . c i t . , p .  123.
eĝ
S tru g h o ld ,  op. c i t . ,  p .  65.
60 Rawson, lo c .  c i t .
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and Hugenin i n v e s t i g a t e d  th e  geom agnetic  e f f e c t s  on a  c i r c a d i a n  
d i f f e r e n c e  i n  r e a c t i o n  tim es in  earthw orm s, f in d in g  t h a t  geomagnetism 
does have some e f f e c t  on th e  c i r c a d i a n  d i f f e r e n c e  i n  r e a c t i o n  r a t e s  
in  t h i s  s p e c i e s . ^
SUMMARY OF BIOLOGICAL RHYTHMS IN PLANTS AND ANIMALS
The m a jo r i ty  o f  s t u d i e s  r e l a t i n g  to  b i o l o g i c a l  rhythm s have 
been done w i th  p l a n t s  and a n im a ls .  Pronounced d a i l y  rhythm s have 
been observed  in  p l a n t s  and a n im a ls ,  p a r t i c u l a r l y  th e  c i r c a d i a n  
rhythm o f  a c t i v i t y  and r e s t  i n  a n im a ls ,  which seems to  be i n h e r e n t .  
P l a n t s  a r e  c a p a b le  o f  a d a p t in g  to  many d i f f e r e n t  l i g h t - d a r k  c y c l e s .
A c r e a t u r e ' s  s t r e n g t h s  and w eaknesses may r e f l e c t  i t s  
c i r c a d i a n  rhythm . What may be t o l e r a b l e  a t  one hou r may be f a t a l  a t  
a n o th e r  h o u r .  Some an im a ls  have uncanny a b i l i t i e s  r e l a t i n g  to  " in n e r  
c lo c k  s e n s e "  and " n a v i g a t i o n . "  S e v e ra l  t h e o r i e s  have been  advanced 
to  e x p la in  th e s e  a b i l i t i e s ,  ra n g in g  from endogenous c i r c a d i a n  rhythms 
to  sun-compass o r i e n t a t i o n  and th e  e f f e c t s  o f  l i g h t  and d a rk n e ss  
upon th e  n eu ro e n d o c r in e  system .
The rhythms o f  some an im a ls  a r e  s u b je c t  to  d i s o r i e n t a t i o n  by 
s h i f t s  in  s le e p  and a c t i v i t y  c y c l e s .  Even a s u b t l e  s y n c h r o n iz e r ,  
such as geomagnetism, has  been shown to  e f f e c t  c i r c a d i a n  d i f f e r e n c e s  
i n  r e a c t i o n  tim e in  one o f  th e  i n v e r t e b r a t e s .  On th e  o t h e r  hand , 
c e r t a i n  an im a ls  a r e  n o t  b o th e re d  rh y th m ic a l ly  by l a r g e  changes in  
t i s s u e  te m p e ra tu re .
^ M ir i a m  F. B e n n e t t  and Jan  Huguenin, "Geomagnetic E f f e c t s  on 
a  C i r c a d ia n  D if f e r e n c e  i n  R ea c t io n  Times i n  E arthw orm s,"  B io lo g ic a l  
A b s t r a c t s , L I  ( Ju n e ,  1970), No. 63895.
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BIOLOGICAL RHYTHMS IN HUMANS
Luce ex p re ssed  a b e l i e f  t h a t  improved d a ta  a n a ly s i s  w i l l
p robab ly  r e v e a l  many slow rhythms in  man, c y c le s  w i th  long p e r io d s
62t h a t  have n o t  y e t  been documented. The spec trum  o f  b io l o g i c a l  
rhythms i s  enormous. There i s  much ev idence  t h a t  the  d i f f e r e n t  
body systems may e x h i b i t  r h y th m ic i ty  in d ep en d en tly  o f  each  o th e r .
I t  i s  sugges ted  t h a t  man does n o t  have a c o n s ta n t  system  w ith  homeo­
s t a t i c  b a lan c e  f o r  which he i s  o f te n  g iven  c r e d i t . 6^ A l i t e r a t u r e  
sea rc h  has re v e a le d  t h a t  human rh y th m ic i ty  has been s tu d ie d  r e l a t i v e l y  
l i t t l e . 65
H alberg  and R einberg have i d e n t i f i e d  s e v e ra l  b road  s p e c t r a  o f  
p h y s io lo g ic  rhythm s, w ith  d i f f e r e n t  f r e q u e n c ie s  in  man as w e l l  as in  
ex p e r im en ta l  o rgan ism s. The d i f f e r e n t  f r e q u e n c ie s  can t e n t a t i v e l y  
be subd iv ided  i n t o :  (1) a  h igh  frequency  domain o f  rhythms w ith
p e r io d s  s h o r t e r  than  0 .5  h o u rs ;  (2) a m edial f requency  domain of 
rhythms w ith  p e r io d s  - ran g in g  in  le n g th  from 0 .5  hours  to  2 .5  days; 
and (3) a low frequency  range o f  rhythms w ith  p e r io d s  which range in  
le n g th  lo n g e r  than  2 .5  d ays. The m edial frequency  domain and the  low 
frequency  domain a re  f u r t h e r  su b d iv id e d .  Inc luded  in  th e  m edial 
rhythm range  a r e :  (a) u l t r a d i a n  (n o t  l e s s  than  0 .5  hours nor more
62Luce, B io lo g ic a l  Rhythms in  Human and Animal P h y s io lo g y , 
op. c i t . ,  p .  2.
63 . . .  QI b r d . ,  p .  9 .
54 I b i d . ,  p . 14.
f c
Luce, Body Time, op. c i t . ,  p r e fa c e .
th a n  20 h o u r s ) ;  (b) c i r c a d i a n  (h o t  l e s s  th a n  20 hours  nor more than 
28 h o u r s ) ; and (c) i n f r a d i a n  (n o t  l e s s  than  28 hours  n o r  more than  
2 .5  d a y s ) .  In c lu d e d  i n  th e  low freq u e n cy  rhythm ran g e  a r e :  (a)
c i r c a s e p t a n  (p e r io d  o f  a p p ro x im a te ly  7 d a y s ) ;  (b) c i r c a v i g i n t a n  
(p e r io d  o f  a p p ro x im a te ly  20 d a y s ) ;  (c) c i r c a t r i g i n t a n  (p e r io d  of 
a p p ro x im a te ly  30 d a y s ) ;  and (d) c i r c a n n u a l  (p e r io d  o f  ap p ro x im a te ly  
1 y e a r ) .* ’*’
In  a su b seq u en t paper  R einberg  r e f i n e d  th e  freq u en cy  
spec trum  o f  human rhythm s in  th e  m ed ia l  ran g e  by e x te n d in g  the  
i n f r a d i a n  ran g e  from 2 .5  days to  6 d ay s .  R einberg  changed the  term 
m ed ia l  f req u en cy  to  m ed ical f req u e n cy .  In  a d d i t i o n ,  examples o f  
rhythm s in  th e  t h r e e  freq u en cy  ran g e s  were g iv en . High frequency  
rhythm examples were e le c tro e n c e p h a lo g ra m  and e le c t ro c a rd io g ra m  
re a d in g s  a long  w ith  r e s p i r a t i o n  r a t e .  L i s t e d  under m edical f requency  
rhythm s were r e s t - a c t i v i t y ,  s l e e p - w a k e f u ln e s s , r e sp o n se s  to  d ru g s ,  
b lood  c o n s t i t u e n t s ,  u r i n a r y  v a r i a b l e s ,  and m e tab o lic  p ro c e s s e s  in  
g e n e r a l .  The two examples o f  low f req u en cy  rhythms g iv en  were bo th  
r e l a t e d  to  sex  hormones, t h a t  o f  m e n s t ru a t io n  and th e  e x c r e t io n  o f  
17-Ke to s  t e r o i d . ^
Most human c y c le s  a r e  c i r c a d i a n ,  gea red  to  the  rhythm o f  
n ig h t  and day. Many a r e  e x p la i n a b l e ,  w h ile  o th e r s  seem to  b e a r  no
Franz  H alberg  and A la in  R e in b e rg ,  " C irc a d ia n  and Low- 
F requency Rhythms i n  Human P h y s io lo g y ,"  B io lo g ic a l  A b s t r a c t s , XLIX
(Septem ber, 1968), No. 92742.
67Reinberg, op. c i t . ,  p.  178.
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68r e l a t i o n  to  known c a u se  and e f f e c t .  I t  a p p e a rs  t h a t  a "m as te r
c l o c k ” i s  r e s p o n s i b l e  f o r  th e  many rhythm s i n  th e  human b r a i n  and
body, y e t  i t s  l o c a t i o n  and d r i v i n g  f o r c e  rem a in  unknown. Dr. Frank
Brown s t a t e d  t h a t ,  " i t  seems to  be ev ery w h ere ,  and y e t  nowhere when
,.69we t r y  to  l o c a l i z e  i t . "  P e rh a p s ,  i n  th e  f u t u r e ,  s t u d i e s  such as  
t h e  one by G u b sk i i  and G u b s k i i ,  i n d i c a t i n g  t h a t  th e  c e n t r a l  
c o n t r o l l i n g  a r e a  o f  th e  c i r c a d i a n  rhythm s i n  a n im a ls  l i e s  i n  th e  
h y p o th a lam ic  r e g i o n ,  may h e lp  t o  l o c a t e  th e  " m a s te r  c lo c k "  i n  h u m a n s .^
The d i s c o v e r y  o f  a s l e e p  c y c le  c h a r a c t e r i z e d  by a l t e r n a t i n g  
r a p i d  eye-movement and  n o n - r a p id  eye-movement p e r io d s  has  le d  to  
in c r e a s e d  i n t e r e s t  i n  rhythm s o f  u l t r a d i a n  f r e q u e n c y .  I t  i s  
h y p o th e s iz e d  t h a t  t h e  s l e e p  c y c l e ,  so e a s i l y  d e t e c t e d  e l e c t r o p h y s i o l -  
o g i c a l l y  a s  an  a l t e r n a t i o n  b e tw een  r a p i d  eye-movement and n o n - r a p id  
eye-movement s l e e p ,  i s  o n ly  a r e f l e c t i o n  o f  a  more g e n e r a l  u l t r a d i a n  
rhy thm  w hich  c o n t in u e s  d u r in g  w aking  and w hich  h a s  b ro a d  b e h a v io r a l  
s i g n i f i c a n c e . ^
Many u l t r a d i a n  rhy thm s i n  humans go u n n o t ic e d  b ecau se  o f  t h e i r  
s u b t l e n e s s .  L av ie  and K r ip k e  s u g g e s te d  t h a t  i f  p e o p le  re c o g n iz e d
68S t i l l ,  op . c i t . ,  p .  50 .
69I b i d . , p .  51.
70y. I .  G u b sk i i  and L. V, G u b sk i i ,  " C i r c a d ia n  Rhythms and th e  
Mechanism o f  C i r c a d i a n  O r g a n i z a t i o n , "  B i o l o g i c a l  A b s t r a c t s . L I  (May, 
1 9 7 0 ) ,  No. 52950.
^ G o rd o n  G. G lobus, R o b e r t  L, D ru ry , E r ic  C. Phoebus, and 
R o b e r t  Boyd, " U l t r a d i a n  Rhythms i n  Human P e r fo rm a n c e ,"  P e r c e p tu a l  
and Motor S k i l l s . XXXIII (December, 1 9 7 1 ) ,  1171-1174.
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t h a t  u l t r a d i a n  rhythm s e x i s t e d ,  t h e i r  b e h a v io r  would r e f l e c t  more 
t o l e r a n c e  toward changes  i n  mood, a p p e t i t e ,  and a l e r t n e s s . ^
The optimum tim e  f o r  an  a c t i v i t y - r e s t  c y c l e  te n d s  t o  v a ry  
among i n d i v i d u a l s .  Some may work b e t t e r  i n  m orning h o u r s ,  o t h e r s  
l a t e  a t  n i g h t .  A d a p ta t io n s  t o  a r t i f i c i a l  s c h e d u le s  depend upon 
e x t e n t  o f  m o d i f i a b i l i t y  o f  c i r c a d i a n  p h y s io lo g ic  p e r i o d i c i t y . ^
One th e o r y  p e r t a i n i n g  to  "m orning11 a n d " n ig h t"  p e o p le  i s
b ased  on body te m p e r a tu r e .  I f  one i s  a "m orning" ty p e ,  t h a t  p e rso n
w i l l  have  h i s  h i g h e s t  t e m p e ra tu re  e a r l y  in  th e  day and w i l l  do h i s
b e s t  work d u r in g  th o se  h o u r s .  I f  one i s  a " n i g h t "  type  h e  w i l l  show
a r i s i n g  body te m p e ra tu re  cu rv e  d u r in g  th e  day and h i s  g r e a t e s t
p e r io d  o f  p r o d u c t i v i t y  i s  re a c h e d  a t  j u s t  ab o u t th e  tim e when the
"m orning" ty p es  a r e  n o t  f u n c t i o n i n g  a s  w e l l . ^  I t  i s  th o u g h t  t h a t
75th e  te m p e ra tu re  rhythm  may b e  c o n t r o l l e d  by th e  hypo th a lam u s.
I n d u s t r y  seems to  be  q u i t e  aware o f  d i f f e r e n c e s  i n  p eo p le  a t  
v a r io u s  c lo c k  h o u r s .  B u l l  n o ted  t h a t  s e v e r a l  i n v e s t i g a t o r s  have 
a l r e a d y  drawn a t t e n t i o n  t o  th e  e x i s t e n c e  o f  rhy thm ic  v a r i a t i o n s  in  
a r o u s a l  l e v e l  d u r in g  th e  w ork ing  day . H e a r t  r a t e  and body te m p e ra tu re  
have been  u sed  to  i l l u s t r a t e  such  v a r i a t i o n s .  As a co n seq u en ce ,  many
^ P e r e t z  L av ie  and D an ie l  F. K r ip k e ,  " U l t r a d i a n  Rhythms: The
90-M inute  C lock I n s i d e  U s ,"  P sychology  Today. V I I I  ( A p r i l ,  1975), 
5 4 -5 6 .
7  ^ G. T. H au ty , and o t h e r s ,  F e d e r a t io n  P r o c e e d in g s , XIX, 
F e d e r a t io n  o f  Am erican S o c i e t i e s  f o r  E x p e r im en ta l  B io lo g y  (B a l t im o re :  
W averly P r e s s ,  I n c . ,  1960), p . 54.
^Dewey and Mandino, op . c i t . ,  p . 35.
7  S' J Luce , B io l o g i c a l  Rhythms in  Human and Animal P h y s io lo g y , 
op . c i t . ,  p . 44 .
29
r e s e a r c h e r s ,  when comparing the  autonomic r e a c t i v i t y  o f  c r i t e r i o n  
g ro u p s ,  such as those  who make h igh  and low sco res  on a p e r s o n a l i t y  
q u e s t i o n n a i r e ,  t r y  to  c o n t r o l  f o r  p o s s ib le  t im e -o f -d ay  e f f e c t s .
B u l l ' s  s tu d y  a t tem p ted  to  de term ine  w hether e le c t ro d e rm a l  a c t i v i t y  
a l s o  d is p la y s  d iu r n a l  v a r i a b i l i t y .  R e su l ts  of th e  s tu d y  showed th a t  
e le c t ro d e rm a l  a c t i v i t y  d id  show d iu r n a l  v a r i a b i l i t y  and i t  would 
seem w orthw hile  to  c o n t r o l  f o r  p o s s ib le  t im e -o f -d ay  e f f e c t s .
I t  i s  r e p o r te d  th a t  Ohimi Railway Company in  Japan c a u t io n s  
d r i v e r s  a g a in s t  an a n t i c i p a t e d  "bad day". The system  i s  p re d ic a te d  
on the  tw e n ty - th re e ,  tw e n ty -e ig h t ,  and t h i r t y - t h r e e  day c y c le s .  
However, th e  company c la im s  to  have reduced t h e i r  a c c id e n t  r a t e  in  
h a l f  th e  f i r s t  y e a r  w i th  in c re a s in g  p o s i t i v e  e f f e c t s  c o n t i n u i n g . ^
I n d u s t r i a l  Medicine and S urgery  c o n ta in e d  a s tudy  by Nogueira 
which t e s t e d  th e  h y p o th e s is  t h a t  an " a c c id e n t  rhythm" should  be the  
in v e rs e  o f  a b i o l o g i c a l  rhythm . Thus, th e r e  should  be more a c c id e n ts  
when the  b i o l o g i c a l  e f f i c i e n c y  i s  low and fewer a c c id e n ts  when i t  i s  
h ig h .  The r e s u l t s  o f  th e  s tu d y ,  u s in g  morning and a f te rn o o n  groups 
o f  t e x t i l e  w o rk e rs ,  showed t h a t  a t  6 :00  a .m . ,  when e f f i c i e n c y  was 
in c r e a s in g  a c c id e n t s  were fe w e s t ,  r e a c h in g  a  minimum between 9:00 and 
10:00 a.m. when the  b i o l o g i c a l  rhythm reached  i t s  f i r s t  peak. A f te r  
10:00 a.m. the  number o f  a c c id e n ts  in c re a s e d  w h ile  the  b io l o g i c a l  
e f f i c i e n c y  d ec rea sed  and the  maximum number was observed  a t  midday 
when th e  b i o l o g i c a l  e f f i c i e n c y  was lo w es t .  This same p a t t e r n  fo llow ed
76R. H. C. B u l l ,  "E le c tro d e rm a l A c t iv i t y  and Time o f  Day," 
P e rc e p tu a l  and Motor S k i l l s . XXXIV, (F eb ruary , 1972), 26.
^ M ac k e n z ie ,  lo c ,  c i t .
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when w o rk e rs  changed from  m orning  to  a f t e r n o o n  and ev en in g  s h i f t s .  
H ig h e s t  numbers o f  a c c i d e n t s  w ere  from 12 :15  p.m . t o  3 :0 0  p.m . when 
b i o l o g i c a l  e f f i c i e n c y  was a t  a second minimum. A f t e r  3 :0 0  p.m . t h e r e  
was a p r o g r e s s i v e  r e d u c t i o n  i n  th e  number o f  a c c i d e n t s  w hich  re a c h e d  
th e  lo w e s t  p o i n t  be tw een  4 :0 0  and  5 :0 0  p.m . when th e  b i o l o g i c a l  
e f f i c i e n c y  was r e a c h in g  i t s  second  maximum. A g a in ,  be tw een 6 :0 0  p.nv 
and 8 :0 0  p.m. a c c i d e n t s  in c r e a s e d  s lo w ly  i n  number w h i le  b i o l o g i c a l  
e f f i c i e n c y  was d e c r e a s i n g .  However, th e  r e l a t i o n s h i p  betw een 
a c c id e n t s  and rhy thm  was n o t  s u s t a i n e d ;  be tw een  8 :0 0  p.m. and 10:00  
p.m. when th e  b i o l o g i c a l  rhy thm  was s lo w ly  p ro c e e d in g  to  i t s  minimum, 
th e  number o f  a c c i d e n t s  s lo w ly  d e c r e a s e d .  E lev en  and tw o - te n th s  
a c c i d e n t s  p e r  h o u r  w ere  o b s e rv e d  i n  th e  m orning s h i f t  a s  compared to  
te n  a c c i d e n t s  p e r  h o u r  i n  th e  a f t e r n o o n - e v e n in g  s h i f t .  A lthough  th e  
g roups  w ere  e q u i v a l e n t ,  Group A was r e s p o n s i b l e  f o r  937 a c c i d e n t s  and 
Group B f o r  635 a c c i d e n t s .  T here  was no s a t i s f a c t o r y  e x p la n a t io n  f o r  
th e  d i f f e r e n c e  i n  th e  number o f  a c c i d e n t s  be tw een  th e  two g ro u p s  o f  
w o rk e rs  i n  th e  s tu d y .  B ecause  o f  th e  number o f  s u b j e c t s  (N=*720) and 
l e n g th  o f  s tu d y  (1 9 6 1 -1 9 6 9 ) ,  N ogueira  c o n c lu d ed  t h a t  th e  f i n d i n g s  
c o u ld  h a r d l y  be due e x c l u s i v e l y  to  c h an c e .  A c c o rd in g ly ,  a  r e a l  
r e l a t i o n s h i p  betw een  b i o l o g i c a l  rhythm  and " a c c id e n t  rhy thm " was 
s u g g e s te d .
Body te m p e ra tu re  i s  a r e c o g n iz e d ,  r e a d i ly - m e a s u r a b l e ,  
i n d i c a t o r  o f  th e  p h y s i o l o g i c a l  c lo c k .  The h i g h e s t  t e m p e ra tu re  o ccu rs
7ftDiego P. N o g u e ira ,  " A c c id e n ts  D uring  Work and Time o f  th e  
D ay ."  I n d u s t r i a l  M edic ine  and S u r g e r y . XL (S ep tem ber, 197 1 ) ,  2 8 -3 0 .
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around 5 :00  p.m. and th e  lo w est  betw een 4 :0 0  and 5 :00  a .m .^^  Most
m ed ica l rhythm r e s e a r c h  has  c o n c e n t r a te d  upon th e  d eg ree  o f
f l u c t u a t i o n  found i n  body te m p e ra tu re .  The d eg ree  o f  f l u c t u a t i o n  in
a d r e n a l  s t e r o i d s  has  a l s o  been u sed  in  m ed ica l r e s e a r c h  to  s tu d y
b i o l o g i c a l  rhy thm s.
Hormone l e v e l s  p la y  a v i t a l  r o l e  i n  human b i o l o g i c a l  rhy thm s.
S t r o b e l  found th ro u g h  b lood  a n a l y s i s  t h a t  th e  g r e a t e s t  s u s c e p t i b i l i t y
to  f e a r - l e a r n i n g  o c c u r re d  when l e v e l s  o f  th e  b lood  hormone,
c o r t i c o s t e r o n e ,  were high.®^- I n  man maximal s u s c e p t i b i l i t y  f o r
a c q u i r in g  a n e u r o s i s - f e a r  (and pe rhaps  f o r  l o s in g  i t  a s  w e l l )  ap p ea rs
82to  be i n  th e  e a r l y  m orning. A number o f  r e s e a r c h e r s  c o n s id e r
a d re n a l  rhythms th e  e q u iv a l e n t  o f  a s o r t  o f  i n t e r n a l  " a la rm  c lo c k "
which t r i g g e r s  em o tio n a l  r e sp o n se s  a cc o rd in g  to  tim es when they  were 
83le a r n e d ,
84Timing i s  a new e lem ent in  pharm acology. There may be some
n e u r o lo g ic a l  t i e s  between p h y s ic a l  p a in  and b lood  l e v e l s  o f  a d r e n a l
hormones. There i s  a p o s s i b i l i t y  t h a t  d rugs  can  be t a i l o r e d  to  th e
85b i o l o g i c a l  rhythm s o f  th e  body.
^ S t r u g h o l d ,  op. c i t . ,  p . 31.
SOLuce, B io lo g ic a l  Rhythms in  Human and Animal P h y s io lo g y , 
op . c i t . ,  p. 9.
S l s t i l l ,  op. c i t . ,  p . 123.
82I b i d . , p . 125.
83I b i d . ,  p. 126.
®^Luce, B io lo g ic a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op . c i t . ,  p. 80.
® ^ Ib id , ,  p . 76.
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A drop in  a d r e n a l  hormones ( g lu c o c o r t i c o id s )  s t r o n g l y  a f f e c t s
the  nervous system , r e s u l t i n g  i n  in c re a s e d  s e n s i t i v i t y  to  sounds,
t a s t e s ,  and s m e l ls .  S e c r e t io n  o f  th e s e  hormones d e c r e a s e s  a t  n ig h t .®  '
C onsequen tly , a p e r s o n 's  sen so ry  a c u i t y  n o rm a lly  ap p ea rs  to  re a c h  i t s
maximum around 3 :00  a .m . i f  he  r e t i r e s  a t  11:00 p.m. D uring  th e  day
87as  s t e r o i d  l e v e l s  d e c l i n e ,  a c u i t y  in c r e a s e s  up to  5 :0 0  to  7:00 p.m.
This may be one re a so n  why th e  m a jo r i t y  o f  p eo p le  e a t  t h e i r  l a r g e s t  
meal in  th e  ev en in g .
Hormones, such a s  a d r e n a l i n ,  c o r t i s o n e ,  and th y r o x in ,  among 
o t h e r s ,  p la y  an im p o r ta n t  r o l e  in  th e  r e g u l a t i o n  o f  th e  c i r c a d i a n  
rhythm. For example, a d r e n a l i n ,  produced by th e  m edulla  o f  the  
a d re n a l  g la n d ,  has  a  s t i m u l a t i n g  e f f e c t  on th e  h e a r t  and s k e l e t a l  
m uscles and in c r e a s e s  th e  r a t e  o f  c a rb o h y d ra te  m etabo lism . A f t e r  a 
m idn igh t low, th e  a d r e n a l i n  c o n te n t  o f  the  b lood  plasm a re a c h e s  a 
peak between 8 :00  and 9 :00  a.m. and a n o th e r  around 2 :00  p.m. These 
peaks may be r e l a t e d  to  th e  tim e o f  food i n t a k e .  The t im in g  o f  the  
a c t i v i t i e s  o f  th e  v a r io u s  e n d o c r in e  g lan d s  i s  c o o rd in a te d  by s e v e r a l  
hormones o f  th e  p i t u i t a r y  g lan d . The hypothalam us a c t s  a s  the  
c o o rd in a t in g  c e n t e r  and th e  hormones as  in te rm e d ia ry  ch em ica l  a g e n ts ,  
b u t  r e a c t i o n s  a r e  s t r o n g l y  in f lu e n c e d  by th e  a c t i v i t i e s  o f  the  
c e r e b r a l  c o r t e x .  The a c t i v i t i e s  a r e  r e p e a te d  w i th  c l o c k l i k e  r e g u l a r i t y  
w i th in  th e  tem pora l frame o f tw e n ty - fo u r  hours.®® The m edical
^ I b i d . ,  p . 147.
87I b i d . ,  p. 55.
88Strughold ,  op. c i t . ,  p. 30.
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p r o f e s s i o n  has  em phasized  t h a t  d i s t u r b e d  p h ase  r e l a t i o n s ,  r e g a r d l e s s  
o f  t h e i r  c a u s e ,  c an  r e s u l t  i n  d i s e a s e .  One exam ple i s  t h a t  a sy n ch ro n y  
among rhythm s o f  th e  s tom ach and l i v e r  can  le a d  t o  g a s t r i c  u l c e r s .  
Another, example i s  t h a t  i r r e g u l a r i t i e s  i n  food  i n t a k e  may be  an
QQ
im p o r ta n t  f a c t o r  i n  th e  o r i g i n  o f  d u o d en a l  u l c e r s .
M eta b o l ic  u t i l i z a t i o n  o f  f o o d ■s u b s ta n c e s  fo l lo w s  a  rh y th m ic
p a t t e r n .  P r o t e i n  u s a g e  seems to  be  more d ep en d en t  upon tim e  o f  i n t a k e
90th a n  th e  amount i n g e s t e d .  S u c c e s s f u l  d i e t i n g  may be im p l ic a te d
from  th e  r e s u l t s  o f  s t u d i e s  r e l a t i n g  th e  am ount, tim e o f  i n g e s t i o n
and type  o f  food e a t e n  to  i t s  c o n v e r s io n  to  f a t . 9*- A s tu d y  r e p o r t e d
by O stb e rg  examined th e  c i r c a d i a n  rhythm  o f  body te m p e ra tu re  and food
i n t a k e  o f  "m orning" and " e v e n in g "  t y p e s .  The "m orn ing" ty p e s  had a
c u m u la t iv e  food i n t a k e  d i s t r i b u t i o n  c u rv e  one and t h r e e - q u a r t e r  h o u rs
ahead o f  th e  " e v e n in g "  types,.  R e s u l t s  o f  th e  s tu d y  s u g g e s te d  t h a t
food i n t a k e  may be s u f f i c i e n t l y  s e n s i t i v e  t o  be  in c lu d e d  i n  s t u d i e s
92o f  i n t e r i n d i v i d u a l  d i f f e r e n c e s  o f  c i r c a d i a n  rhy thm s.
Human a l l e r g i e s  o c c u r  more r e a d i l y  when t h e r e  i s  a c i r c a d i a n  
t ro u g h  in  p lasm a c o r t i c o s t e r o i d  l e v e l s .  A b a s i c  p e r i o d i c i t y  i s  
s u g g e s te d  i n  m an 's  s u s c e p t i b i l i t y  to  a  b ro a d  ran g e  o f  p o t e n t i a l l y
^^B unning , The P h y s i o l o g i c a l  C lock  -  Endegenous D iu rn a l  
Rhythms and B i o l o g i c a l  C hronom etry . op. c i t . , p . 130.
90t . .L uce , op. c i t . ,  p .  47 .
^ M .  Demole, "Human O b e s i ty  and N u t r i t i o n a l  P a t t e r n s , "  
B i o l o g i c a l  A b s t r a c t s . L ( A p r i l ,  1 9 6 9 ) ,  No. 34633.
92 0 . O s tb e rg ,  " C i r c a d ia n  Rhythms o f  Food I n t a k e  and O ra l  
T em pera tu re  in  'M o rn in g ' and 'E v e n in g '  Groups o f  I n d i v i d u a l s , "  
Erogonom ics ,  XVI (March, 1 9 7 3 ) ,  203-209 .
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93harm ful a g e n ts ,  which may p a r t i a l l y  e x p la in  why c e r t a i n  a l l e r g i e s
and r e s p i r a t o r y  d i s o r d e r s  f r e q u e n t ly  occur a t  p a r t i c u l a r  h o u rs .
V i t a l  s t a t i s t i c s  i n d i c a t e  t h a t  the  s e n s i t i v i t y  o f  th e
organism  to  e x t e r n a l  f a c t o r s  does n o t  f l u c t u a t e  a t  random. For
example, c h i l d b i r t h  i s  more l i k e l y  to  take  p la c e  a t  n ig h t  o r  in
94e a r l y  morning hours  than  i n  th e  a f te rn o o n .  However, the  f a c t o r s
95involved  and t h e i r  p h y s io lo g ic a l  in f lu e n c e  a r e  no t known. Not 
o n ly  do human b i r t h s  f l u c t u a t e  i n  a  c i r c a d i a n  rhythm , b u t  t h e i r  
number v a r i e s  in  monthly in c id e n ce  a cco rd in g  to  l a t i t u d e  o f the  p lace
o f b i r t h .  On the  av e rag e ,  th e  g r e a t e r  the  l a t i t u d e ,  n o r th  o r  sou th
96from th e  e q u a to r ,  th e  l a t e r  the  b i r t h s  occur in  th e  y e a r .
About s ix t e e n  weeks a r e  r e q u i r e d  to  e s t a b l i s h  th e  s leep-w ake
c y c le  ( p a t t e r n s  o f  n ig h t  long s le e p  and daytim e working) in  humans.
S leep  need d i f f e r e n c e s  a r e  a p p a ren t  e a r ly  in  l i f e  and th e se  needs
97change as people  grow o l d e r .  As w i th  body te m p e ra tu re ,  s le e p -  
w akefu lness  and m o b i l i ty  c anno t be observed  u n t i l  a f t e r  b i r t h .  The 
f a c t  may tempt one to  assume t h a t  the  tw e n ty -fo u r  hour rhythm i s  
imposed on th e  growing organism  by env ironm en ta l f a c t o r s  o n ly .
^ A l a i n  R einberg , "C irc ad ia n  R e -A c tiv i ty  Rhythm o f  Human Skin 
to  House D ust, P e n i c i l l i n ,  and H is tam in e ,"  B io lo g ic a l  A b s t r a c t s . LI 
(O ctober, 1970), No. 108855.
^ L u c e ,  B io lo g ic a l  Rhythms i n  Human and Animal P h y s io lo g y , 
o p . c i t . , p . 1.
95Bunning, The P h y s io lo g ic a l  Clock -  Endogenous D iu rn a l  
Rhythms and B io lo g ic a l  Chronometry. op. c i t . ,  p. 108.
^E dw ard  B a t s c h e l e t ,  "A ngu lar-L inear  C o r r e la t io n  C o e f f i c i e n t  
f o r  Rhythmometry and C irc a n n u a l ly  Changing Human B i r th  Rates a t  
D i f f e r e n t  Geographic L a t i t u d e s , "  B io lo g ic a l  A b s t r a c t s . L I I  (Jan u ary ,  
1975), No. 11249.
^ L u c e ,  B io lo g i c a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op . c i t . ,  p .  15.
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However, t h e r e  a l s o  rem ains th e  p o s s i b i l i t y  t h a t  an endogenous
d i s p o s i t i o n ,  e x i s t i n g  a l r e a d y  b e fo re  b i r t h ,  i s  g r a d u a l ly  a t tu n e d
w ith  th e  environm ent by means o f  s y n c h ro n iz e rs .  Both i n f a n t  h e a r t
r a t e  and body tem p e ra tu re  show d a i l y  p e r io d ic  changes t h a t
f l u c t u a t e  d u r in g  in fa n c y .  In  l a t e r  y e a r s  th e se  rhythms more n e a r ly
approxim ate  th e  tw en ty -fo u r  hour rhythm p a t t e r n  o f  a d u l t s . 98
C irc a d ia n  p e r i o d i c i t y  o f  body te m p e ra tu re ,  p u ls e  r a t e ,
r e s p i r a t o r y  r a t e ,  and s y s t o l i c ,  and d i a s t o l i c  blood p re s su re  was
s tu d ie d  in  143 p a t i e n t s .  Ages o f  p a t i e n t s  v a r ie d  from th r e e  months
to  twenty-one y e a r s .  The d a ta  re v e a le d  a peak in  com posite  c i r c a d i a n
p e r i o d i c i t y  v a r ia n c e  a t  s i x  y e a rs  o f  age , w i th  a tendency f o r
com posite  c i r c a d ia n  v a r ia n c e  to  form a p la te a u  a t  abou t s ix te e n  y e a rs  
99of age.
Man's i n t e l l e c t u a l  and em otional p ro c e sse s  a l s o  appear to  be
in f lu en c ed  by rhythm s. Such p sy c h o p h y s io lo g ic a l  a t t i t u d e s  a r e  b e s t
dem onstra ted  by m an's  love  f o r  rhythms i n  p o e t ry ,  m usic , and dance .
Much o f  man's e n te r ta in m e n t  and r e l a x a t i o n  rev o lv e  around rhythm in  
100
some form.
In  m ental perform ance one may observe  f l u c t u a t i o n s  in  
r e a c t i o n  time and v a r i a t i o n s  in  the  r a p i d i t y  o f  m enta l c a l c u l a t i o n s
9®Theodore H e llb ru g g e , Cold S p r ing  Harbor Symposia on 
Q u a n t i t a t iv e  B io lo g y . L I I ,  B io lo g ic a l  C locks (B a ltim ore : Waverly
P r e s s ,  I n c . ,  1960), pp. 311-323.
T. Brayan and J .  E. O v e ra l l ,  "A Study o f  th e  Development 
o f  Human C irc ad ian  P e r i o d i c i t y , "  B io lo g ic a l  A b s t r a c t s , L I I  
(F eb ruary , 1971), No. 12782.
^■^gt-j-ughoidj op> c i t . ,  p. 23.
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su ch  a s  d o t t i n g  o f  s q u a r e s  and a d d i t i o n  and s u b t r a c t i o n  o f  numbers. 
Such f l u c t u a t i o n s  r e i n f o r c e  th e  c o n c e p t  t h a t  man can n o t  c o n c e n t r a t e  
c o n t i n u o u s l y . R h y t h m s  w i t h i n  th e  c e n t r a l  ne rvous  sy s tem  a r e
102e v id e n c e d  by v a r i a t i o n  i n  d e p th  o f  s l e e p  and f r e q u e n c y  o f  d ream ing .
W hile  i t  h a s  lo n g  b een  known t h a t  many humans a r e  a b le  to
wake up a t  p r e - s e t  t im es  from norm al s l e e p  and a l s o  from h y p n o s is
w i th  re m a rk a b le  p u n c t u a l i t y ,  t h e r e  h a s  been  l i t t l e  e x p e r im e n ta l
103
i n v e s t i g a t i o n  o f  th e  human "head  c l o c k . "  However, man i s  n o t
c o n s c io u s  o f  a l l  m e n ta l ly  r e l a t e d  b io rh y th ra ic  c y c l e s .  H ersey  in
1929 found a f o u r  t o  s i x  week c y c l e  o f  e m o t io n a l  change in  p l a n t
w o rk e rs  t h a t  was so g r a d u a l  and m odera te  t h a t  th e  men th em se lv e s  d id  
104n o t  n o t i c e  i t .
P h y s i o l o g i c a l l y ,  a p e r s o n 's  f u n c t i o n s  a t  10 :00  a .m . a r e  n o t
th e  same as  a t  10 :00  p.m. In  f a c t ,  p h y s i o l o g i c a l  f u n c t io n s  such  a s
u r i n a r y  c o n s t i t u e n t s ,  i n c l u d i n g  e l e c t r o l y t e s ,  a d r e n a l  horm ones, o r  
m e t a b o l i t e s  o f  s u b s ta n c e s  u sed  i n  n e rv o u s  t r a n s a c t i o n s ,  m igh t w e l l  
be u sed  to  i n d i c a t e  t im e  o f  day w i t h i n  th e  body , much l i k e  th e  hands 
o f  a  c lo c k .  Such p h ase  r e l a t i o n s h i p s  a r e  a s s o c i a t e d  w i th  v a r i a t i o n s  
in  s e n s o ry  a c u i t y ,  r e a c t i o n  t im e ,  p u l s e ,  body t e m p e r a tu r e ,  b lood  
p r e s s u r e ,  and p u l s e  p r e s s u r e .
l ® l S o l l b e r g e r , o p .  c i t . ,  p .  85,
102I b i d . , p .  87 .
^®2B unning , The P h y s i o l o g i c a l  C lock  - Endogenous D iu rn a l  
Rhythms and B i o l o g i c a l  C hronom etry . op . c i t . ,  p .  93.
^■®^Luce, B i o l o g i c a l  Rhytyms in  Human and Animal P h y s io lo g y ,
o p .  c i t . ,  p .  8 .
^®-*Luce, B i o l o g i c a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op .  c i t . ,  p .  57 .
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Rhythms a r e  a l s o  r e l a t e d  to  t h e  a b i l i t y  to  ju d g e  t im e
i n t e r v a l s ,  w i th  c e r t a i n  t im e  l e n g th s  b e in g  judged  more a c c u r a t e l y
106th a n  o t h e r s .  The g e n e r a l  ten d en cy  i s  tow ard  u n d e r e s t im a t io n .
C h i ld re n  c a n n o t  comprehend c e r t a i n  c o n c e p ts  a b o u t  t im e . In  k e ep in g  
w i th  t h i s  c o n c e p t ,  some c h i l d r e n  have  d i f f i c u l t y  in  v i s u a l i z i n g  w hich 
o f  two p e r s o n s  was bo rn  f i r s t ,  even  i f  th e y  know w hich  i s  o l d e r .
U n t i l  th e  age  o f  e ig h t  y e a r s ,  th e  c h i l d  g e n e r a l l y  f e e l s  tim e  to  be 
v e ry  much expanded , w hich  c o n c e iv a b ly  may be due to  a  c h i l d ' s  
m e ta b o l ic  r a t e .^ ® ^
I t  i s  o f t e n  more d i f f i c u l t  t o  d e m o n s t ra te  endogenous rhythm s 
in  h ig h e r  a n im a ls  and humans a s  c l e a r l y  a s  in  p l a n t s  and in  low er 
a n im a ls .  T h is  may be due i n  p a r t  b e c a u s e  th e  g r e a t e r  number o f  
p o s s i b l e  s y n c h r o n iz e r s  and th e  im p o r ta n t  i m p l i c a t i o n s  th e y  may have
I  Q Q
w ith  th e  en v iro n m en t.  Some, how ever, a r e  q u i t e  o b v io u s .  For
exam ple, in  mammals, i n c l u d i n g  man, l i g h t  a f f e c t s  th e  p i n e a l  g la n d ,
which most s c i e n t i s t s  b e l i e v e  to  be a c o u p l in g  d e v ic e  r e g u l a t i n g  th e
109phase  r e l a t i o n s  among b i o l o g i c a l  rh y th m s.
The most commonly r e c o g n iz e d  c i r c a d i a n  rhythm  in  man i s  th e  
r e c u r r e n t  phenomenon o f  n o c t u r n a l  s l e e p .  O th e r  human p h y s i o l o g i c a l  
c i r c a d i a n  rhy thm s which have  been  c l e a r l y  d e m o n s tra ted  a r e  th o s e  o f
* ° ^ S o l lb e r g e r ,  op . c i t . ,  p . 85 .
■'■^Luce, op. c i t . ,  p.  3.
■^^Bunning, The P h y s i o l o g i c a l  C lock - Endogenous D iu rn a l  
Rhythm and B i o l o g i c a l  C hronom etry , op .  c i t . ,  p .  94.
109 S t i l l ,  op. c i t . ,  p.  21.
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f l u c t u a t i o n  in  th e  b lood  e o s in o p h i l  c o u n t ,  th e  serum i r o n  c o n te n t ,  
body te m p e ra tu re ,  h e a r t  r a t e  and blood p r e s s u r e ,  u r in e  p ro d u c t io n ,  
and th e  u r i n a r y  e x c r e t i o n  o f  e l e c t r o l y t e s  and p h o sp h a te s .  A lthough 
th e r e  i s  good ev id en c e  o f  an i n t r i n s i c  c i r c a d i a n  p e r i o d i c i t y  o f  
p h y s io lo g ic a l  f u n c t io n  in  man, i t  i s  su g g es te d  t h a t  th e  environm ent 
may p la y  a much l a r g e r  p a r t  in  th e  s y n c h r o n iz a t io n  and m ain tenance  
o f  m an 's  d em o n strab le  tw e n ty - fo u r  hour rhythm  than  was h i t h e r t o
t, i j  110b e l i e v e d .
In  m en ta l  i n s t i t u t i o n s  humans o f t e n  e x h i b i t  i n t e n s e  su rg es
o f  a c t i v i t y  which seem to  be c o r r e l a t e d  w i th  s o l a r  f l a r e  a c t i v i t y  and
111geom agnetic  d i s t u r b a n c e s .
S c i e n t i s t s  a r e  c o n t i n u a l l y  s e a rc h in g  f o r  mechanisms o r
o s c i l l a t o r s  t h a t  m ight g e n e r a te  m an 's  many rhythm s. The f a r - r e a c h i n g
e f f e c t s  o f  l i g h t  and d a rk n e ss  upon th e  n eu ro en d o cr in e  system  may h e lp
to  e x p la in  why men may r e a l l y  " f e e l "  d i f f e r e n t  as  th e  seasons  
112
change. I t  has  been no ted  t h a t  p e rso n s  who a r e  b l i n d  o r  have
i n
im pa ired  s i g h t  may a t  t im es  show abnorm al en d o cr in e  rhy thm s.
Most i s o l a t i o n  s tu d ie s  so f a r  s u g g e s t  t h a t  man h as  an i n h e r e n t  
c i r c a d i a n  o s c i l l a t o r  system  t h a t  can be a d ap ted  to  c y c le s  i n  a ran g e  
ro u g h ly  from tw e n ty - th r e e  t o  tw e n ty -e ig h t  h o u rs .  The rhythm  seems to
^■^Mary C. Lobban, Cold S p r in g  H arbor Symposia on Q u a n t i t a t i v e  
B io lo g y . XXV, B i o l o g i c a l  C locks (B a l t im o re :  Waverly P r e s s ,  I n c . ,
1960), pp . 325-331.
^■^Luce, B i o lo g i c a l  Bhythms i n  Human and Animal P h y s io lo g y , 
op. c i t . ,  p .  14.
112I b i d . ,  p .  123.
113I b i d . , p .  122.
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be in f lu c e n c e d  by l i g h t  i n t e n s i t y ,  e l e c t r i c  f i e l d s ,  by s o c i a l  h a b i t s ,  
and p ro b a b ly  by o t h e r  p e r i o d i c i t i e s  i n  th e  en v iro n m e n t ,  b u t  to  what 
e x t e n t  and th ro u g h  w hat mechanisms nobody can  p r e s e n t l y  s a y . ^ ^
W inget, u s in g  p o s tu r e  and e x e r c i s e  a s  s y n c h r o n iz e r s  o f
c e r t a i n  p h y s io lo g ic  rhythm s d u r in g  im m o b i l iz a t io n  o f  s u b j e c t s ,
co n c lu d ed  t h a t  th e  mechanism r e g u l a t i n g  th e  c i r c a d i a n  r h y th m ic i t y  o f
th e  c a r d i o v a s c u l a r  sy s tem  i s  r i g o r o u s l y  c o n t r o l l e d  and in d e p en d e n t
o f  th e  e n d o c r in e  sy s tem . The body te m p e ra tu re  rhy thm , how ever, i s
115more c l o s e l y  a l i g n e d  to  th e  e n d o c r in e  sy s tem .
The f a c t  t h a t  man i s  s o c i a l l y  i n c l i n e d  c a n n o t  be  o v e r lo o k ed  
when exam ining  human b i o l o g i c a l  rh y th m s. Weber i n v e s t i g a t e d  th e  
i n f l u e n c e  o f  an a r t i f i c i a l  l i g h t - d a r k  c y c l e  on man w i t h i n  a  p e r io d  o f 
tw e n ty - f o u r  h o u r s .  E ig h t  o f  th e  s u b j e c t s  showed no s y n c h r o n iz a t io n  
to  th e  z e i t g e b e r  ( th e  a r t i f i c i a l  l i g h t - d a r k  c y c l e ) ,  b u t  r e t a i n e d  
autonomous ( f r e e - r u n n i n g )  rh y th m s. In  c o n t r a s t  to  t h i s  f i n d i n g ,  
s i x t e e n  s u b j e c t s  l i v i n g  u n d e r  th e  i n f l u e n c e  o f  an  i d e n t i c a l  l i g h t -  
d a rk  c y c le  supp lem en ted  by  sounds o f  a  Mgong,f a t  r e g u l a r  i n t e r v a l s ,  
w ere  a l l  sy n c h ro n iz e d  to  th e  z e i t g e b e r .  The a r t i f i c i a l  l i g h t - d a r k  
c y c le  p roved  to  be a v e ry  weak z e i t g e b e r .  Only when th e  a r t i f i c i a l  
l i g h t - d a r k  c y c le  p roved  t o  be  accom panied to  r e g u l a r  a c o u s t i c  s i g n a l s  
d id  i t  become e f f e c t i v e .  I t  was h y p o th e s iz e d  t h a t  p e rh a p s  th e  
s u b j e c t s  had  p e r c e iv e d  th e  a c o u s t i c a l  s i g n a l s  as  s o c i a l  c o n t a c t s .
114I b i d . ,  p .  143.
115C. M. W inget, " C i r c a d ia n  Rhythm Asynchrony i n  Man D uring  
H y p o k in e s is . 11 J o u r n a l  o f  A p p lie d  P h y s io lo g y , XXXIII (May, 1972), 
640-643 .
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Wever c o n c lu d ed  from  th e  s tu d y  t h a t ,  i n  man, " s o c i a l "  z e i t g e b e r s  a re
more e f f e c t i v e  th a n  " p h y s i c a l "  z e i t g e b e r s .
S t i l l  s u g g e s te d  t h a t  most p eo p le  c a n n o t  h e a r  o r  obey th e
" t i c k i n g  o f  t h e i r  i n n e r  c lo c k s "  b e c a u se  t h e i r  l i v e s  a r e  ru n  by th e
a r t i f i c i a l  c lo c k s  o f  modern s o c i e t y . I n  th e  p r e s e n t  e r a  man has
become c l o c k - c o n s c io u s .  I n d u s t r i a l i z a t i o n ,  e l e c t r i c  i l l u m i n a t i o n ,
w o rld -w id e  au d io  and v id e o  te le c o m m u n ic a t io n ,  and m o to r ized
t r a n s p o r t a t i o n ,  p a r t i c u l a r l y  by j e t  and r o c k e t  p r o p u l s io n ,  have
118changed th e  s i m p l i c i t y  o f  tim e  i n t o  a complex phenomenon.
Thom pson-C loudsley n o te d  t h a t  man i s  m arked ly  p e r i o d i c .
S o c i a l  com m unities  a s  a w hole a r e  l e s s  p e r i o d i c  w i th  in c r e a s e d  s i z e .
I s o l a t e d  f a m i l i e s  o r  a h a m le t  may be c o m p le te ly  rh y th m ic ,  b u t  even i n
a sm a l l  town t h e r e  i s  u s u a l l y  someone awake a t  n i g h t ,  i f  o n ly  th e
p o licem an . In  l a r g e r  c i t i e s  t h e r e  i s  a c o n s i d e r a b l e  d e g re e  o f  n ig h t
l i f e  o f  v a r io u s  k in d s .  An i n t e r e s t i n g  p a r a l l e l  i s  a f f o r d e d  by a n t s
and o th e r  s o c i a l  a n im a ls ,  w hich  show d i f f e r e n t i a t i o n  i n  anatomy and
119p h y s io lo g y  a s  w e l l  i n  f u n c t i o n s  p e r fo rm ed .
B i o l o g i c a l  t im e  o f  day does  n o t  n e c e s s a r i l y  c o in c i d e  w i th  
l o c a l  c lo c k  t im e .  The s t a t e  o f  v a r io u s  body f u n c t io n s  i n d i c a t e s  
" t im e  o f  day" i n  th e  b o d y 's  b i o l o g i c a l  c lo c k .  S h i f t  work and j e t
^ ^ R u e t g e r  Wever, " S t r e n g th  o f  a  L ig h t-D a rk  C ycle  a s  a  
Z e i tg e b e r  f o r  C i r c a d ia n  Rhythms in  Man," B i o l o g i c a l  A b s t r a c t s , L I I  
( J u l y ,  1 9 7 1 ) ,  No. 71015.
1 - ^ S t i l l ,  op . c i t . ,  p .  11.
^ ^ S t r u g h o l d ,  op . c i t . ,  p .  17.
L . T hom pson-C loudsley , Rhythmic A c t i v i t y  i n  Animal 
P h y s io lo g y  and B eh a v io r  (New York: Academic P r e s s ,  196 1 ),  p .  79.
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120t r a v e l  may throw  th e  body o u t  o f  k i l t e r  b e ca u se  o f  tim e c h a n g e s .
D r. W il l ia m  D oug las , a f l i g h t  su rg e o n  in  th e  U n ited  S t a t e s  A i r  F o rc e ,
h a s  s u g g e s te d  an  easy - to - rem em b e r  g e n e r a l  r u l e :  most t r a v e l e r s
. .  121 a d j u s t  to  a new c i r c a d i a n  c y c le  a t  th e  r a t e  o f  one h o u r  p e r  day .
W hether a  p e r s o n  l i v e s  i n  a  p r i m i t i v e  o r  h ig h ly  i n d u s t r i a l i z e d
s o c i e t y ,  t a s k s  demanding s k i l l  a r e  l i k e l y  to  o c cu r  d u r in g  h o u rs  o f
h i g h e r  s t e r o i d  l e v e l s ,  when i n t e g r a t i v e  f a c u l t i e s  may be a t  t h e i r
peak . Most s o c i a l  g roups  g a th e r  i n  e v en in g  to  e a t ,  c o n v e r s e ,  and
p la y  m usic , w hich i s  a  t im e  o f  low s t e r o i d  d e f i c i e n c y  and s e n s o ry
122h e ig h te n in g .
Even economic l e v e l s  may a f f e c t  t im e  e s t i m a t i o n .  P eop le  from
low er economic b r a c k e t s  who have  n o t  m atured  i n  a  c l o c k - s e n s i t i v e
123env ironm ent s c o re d  low er on t e s t s  o f  tim e e s t i m a t i o n .  T h is  f a c t
h a s  im p o r ta n t  i m p l i c a t i o n s  f o r  s c h o o l  sy s tem s . For exam ple, some 
s t u d e n t s  from low er economic b r a c k e t s  a r e  more p rone  to  be t a r d y  when 
ch an g in g  c l a s s e s  o r  to  be d e l in q u e n t  i n  m ee t in g  d e a d l in e s  th a n  a r e  
t h e i r  f e l lo w  s t u d e n t s  who a re  a t t u n e d  to  tim e  r e q u i r e m e n ts .
SUMMARY OF BIOLOGICAL RHYTHMS IN HUMANS
There has  been l i t t l e  s tu d y  o f  human r h y th m ic i t y .  The 
b i o l o g i c a l  rhythm  o f  humans have been  c a t e g o r i z e d  i n t o  h ig h ,  m e d ia l ,
120Luce, B i o l o g i c a l  Rhythms in  Human and Animal P h y s io lo g y , 
op .  c i t . , p.  1.
121 S t r u g h o ld ,  op . c i t . ,  p .  57.
■^'T.uce, B i o l o g i c a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op. c i t . , p .  2,
l ^ L u c e ,  Body Time, op. c i t . ,  p .  13.
42
and low frequency  ra n g e s .  Most human c y c le s  a r e  c i r c a d i a n ,  th u s  
f a l l i n g  i n to  the  m edial f requency  ran g e . However, t h e r e  i s  i n t e r e s t  
in  lo n g e r  o r  low frequency  range  rhythms in  humans.
In d iv id u a l s  tend  to  be "morning" o r  "even ing"  p e o p le .  I t  i s  
p o s s ib le  t h a t  body tem p era tu re  may be a f a c t o r  in  th e  i n d i v i d u a l ’ s 
p re fe re n c e  o f  tim es d u r in g  a tw en ty -fo u r  hou r span . In d u s t ry  has 
recogn ized  the  in f lu e n c e  o f  c i r c a d ia n  rhythms on p r o d u c t iv i ty  o f  
w o rk e rs .
I n t e r n a l  p h y s io lo g ic a l  sy n ch ro n ize rs  o f  b i o l o g i c a l  rhythms 
in  humans seem to  be many and v a r i e d .  Examples a r e  body te m p e ra tu re ,  
a d re n a l  s t e r o i d s ,  hormones, and plasma com posit ion . The time p e r io d  
r e q u i re d  to  e s t a b l i s h  body rhythms in  humans i s  an im p o r tan t  
c o n s id e r a t io n .  One s tu d y  r e v e a le d  s e v e r a l  p h y s io lo g ic a l  fu n c t io n s  in  
humans which do n o t  re ach  a p la te a u  u n t i l  abou t s ix t e e n  y e a r s  o f  age.
Humans see  and h ea r  in  rhythm s. "Head c lo c k s "  h e lp  man to  
c o n sc io u s ly  wake a t  p r e - s e t  tim es from s le e p  and even h y p n o s is .  
P e rc e p t io n  o f  time seems to  be r e l a t i v e .
E x te rn a l  s y n ch ro n ize rs  o f  rhythms a r e  numerous. P o s s i b i l i t i e s  
a r e  t h a t  l i g h t ,  magnetic d i s tu rb a n c e s  and s o c ie ty  i t s e l f  may 
d e f i n i t e l y  have profound in f lu e n c e  on man's b i o l o g i c a l  rhythm s.
BIOLOGICAL RHYTHMS IN HUMAN MOTOR PERFORMANCE
In  the  l i t e r a t u r e  r e l a t i v e  to  rhythms in  pe rfo rm ance , th e re  
a re  more r e f e re n c e s  to  p h y s io lo g ic a l  a s p e c t s  than to  motor t r a i t s  
a n d /o r  motor ta sk  perform ance. Motor t r a i t s  and th e  perform ance o f 
motor ta sk s  a re  d i r e c t l y  r e l a t e d  and dependent on the  fu n c t io n s  o f
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th e  body. The m a jo r i ty  o f  human motor performance s tu d ie s  invo lve
t e s t i n g  o f  a sen so rim o to r  and sen so ry -m en ta l-m o to r  n a tu r e .  Most
s tu d ie s  review ed concerned c i r c a d ia n  rhythm s. With the  ex ce p t io n  o f
one s tu d y , no o th e r  r e s e a r c h e r s  a t tem p ted  to de term ine  w hether rhythms
lo n g e r  th an  c i r c a d ia n  le n g th  e x i s t e d .
The l i t e r a t u r e  r e p o r t s  many in s ta n c e s  o f  c o r r e l a t i o n  of
perform ance w ith  human p h y s io lo g ic a l  cycles.'®'2^ Luce reco g n ized  th a t
most a t h l e t e s  or d a n c e rs ,  who perform  m a g n if ic e n t ly  in  the  a f te rn o o n
o r  even ing , would n o t  welcome the  p ro sp e c t  o f  hav ing  to  p lay  a t  3:00
a.m. The re a so n ,  Luce n o te d ,  i s  t h a t  m uscular c o o r d in a t io n  and
s t r e n g th ,  n o t  to  mention time p e r c e p t io n ,  vary  in  th e  cou rse  o f
125tw e n ty -fo u r  h o u rs .  The a u th o r  a l s o  r e p o r te d  one s tu d y  o f  an
e ig h te e n -h o u r  day t h a t  l e f t  men som nolent, y e t  r e s t l e s s ,  and
e m o tio n a l ly  t e n s e .  The s u b je c t s  perform ed p h y s ic a l  e x e r c i s e  r a p id ly
126and w ith  im paired  c o o rd in a t io n .
A s tu d y  in  I t a l y  in v e s t ig a t e d  ra i lw a y  w orkers in  d i f f e r e n t  
s t a t e s  o f  f a t i g u e .  The s tudy  invo lved  e ig h te e n  t r a v e l i n g  w orkers and 
seven s e d e n ta ry  w orkers .  They were t e s t e d  in  a v ig i l a n c e  t e s t  and a 
r e a c t i o n  time t e s t  under two c o n d i t io n s :  (1) a f t e r  a ta s k  which
r e s p e c te d  t h e i r  u su a l  c i r c a d ia n  rhythm s; and, (2) a f t e r  a ta s k  w ith  
an a l t e r n a t i o n  o f th e  c i r c a d i a n  rhy thm s. C ond ition  two provoked a 
leng thened  r e a c t i o n  time and a  s l i g h t  d ec rea se  o f  th e  v ig i l a n c e  l e v e l ,
■^^Luce, B io lo g ic a l  Rhythms i n  Human and Animal P h y s io lo g y , 
op. c i t . ,  p . 55.
■^■*Luce, Body Time, op. c i t . ,  p .  31.
126I b i d ,  p. 40.
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i n d i c a t i n g  t h a t  changed o r  in v e r t e d  c y c le s  o f  a c t i v i t y  and r e s t  do
127a f f e c t  human perfo rm ance.
A nother s tu d y  w i th  th re e  r a i lw a y  w orkers  examined v a r i a t i o n
p a t t e r n s  o f  p h y s io lo g ic a l  and perform ance measurement in  s le e p  l o s s .
S leep  lo s s  was m o d era te ly  d e t r im e n ta l  to  p h y s io lo g ic a l  measures such
a s  h e a r t  r a t e ,  s y s t o l i c  b lood p r e s s u r e ,  and c r i t i c a l  fu s io n  f req u en cy
o f  f l i c k e r .  S h a rp e r  decrem ents  were shown in  s im ple  r e a c t i o n  time
1 98and body te m p e ra tu re ,  p a r t i c u l a r l y  d u r in g  e a r l y  morning h o u rs .
Human h e a r in g ,  v i s i o n ,  and p h y s ic a l  r e a c t i o n s  a r e  based  on 
rhythm ic  f r e q u e n c i e s .  Man h e a r s  sounds w i th  f r e q u e n c ie s  rang ing  from 
tw enty  to twenty thousand c y c le s  p e r  second and d i s t i n g u i s h e s  
i n t e r v a l s  o f  l i g h t  w i th  f r e q u e n c ie s  ra n g in g  from ab o u t  f iv e  to  f i f t y  
c y c le s  p e r  second , depending  on the  l i g h t  i n t e n s i t y .  At h ig h e r  
f r e q u e n c ie s  one see s  a s te a d y  l i g h t .  There  i s  a l s o  a l i m i t  to  the  
r a t e  a t  which man can pe rfo rm  v o lu n ta r y  rhythm ic  a c t i o n s  as  a p p a re n t  
in  ta p p in g  t e s t s ,  chewing t e s t s ,  o r  w a lk ing  t e s t s .  The h ig h  
f req u en cy  i s  always ab o u t seven  c y c le s  p e r  second. Frequency 
v a r i a t i o n  i s  a l s o  s l i g h t l y  h ig h e r  i n  c h i l d r e n  and m e n ta l ly  r e t a r d e d  
p e rso n s  than  in  h e a l t h y  a d u l t s .  P e rh ap s ,  i t  i s  r e a s o n a b le  to  assume 
t h a t  the  h i g h e s t  r a t e  commonly employed in  th e  p la y in g  o f  music i s
127F e l i c e  C a r u g a t i ,  "The E f f e c t  o f  A l t e r a t i o n  o f  the  C irc a d ia n  
Rhythm on Some Psych ic  F u n c tio n s  in  a Group o f  S t a t e  Railways W orkers ,"  
P s y c h o lo g ic a l  A b s t r a c t s , XLIX (J a n u a ry ,  1973), No. 1398.
128Yoshio S a i t o ,  " S p e c i f i c a t i o n  o f  V a r ia t io n  P a t t e r n s  o f  
P h y s io lo g ic a l  and Perform ance Measurement i n  S leep  L o s s , "  Psycholog­
i c a l  A b s t r a c t s , L I ( A p r i l ,  1974), No. 6469.
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s e t  p a r t l y  by the  human t a p p in g  l i m i t .  In  m en ta l p e rfo rm an ce  humans 
d e m o n s t ra te  f l u c t u a t i o n s  i n  a b i l i t y  to  r e a c t  and to  c o n c e n t r a t e .129 
C o n s id e ra b le  r e s e a r c h  h a s  been  d i r e c t e d  to  body te m p e ra tu re  
and i t s  r e l a t i o n s h i p s  to  m otor p e rfo rm an ce . W rig h t ,  i n  a s tu d y  on 
h a n d - g r ip  s t r e n g t h ,  found t h a t  t h e r e  was a  marked i n c r e a s e  in  s t r e n g t h  
o f  g r i p  from  6 :00  a .m . to  9 :0 0  o r  10:00 a . m . ,  sometimes a  more 
g ra d u a l  i n c r e a s e  from  th e n  to  12:00  noon o r  1 :00  p .m . ,  and  a 
s i g n i f i c a n t  d e c r e a s e  a t  n i g h t .  T h is  phenomenon was n o t  m o d if ied  by 
r e p e a t e d  t e s t i n g .  The m easurem ents  o f  s e v e r a l  s u b j e c t s  w ere  begun a t  
6 :0 0  p.m . in  o rd e r  to  f i n d  th e  e f f e c t  o f  s t a r t i n g  the  s tu d y  a t  
d i f f e r e n t  t im e s .  The same d i u r n a l  p a t t e r n  was r e v e a l e d .  A p p a re n t ly ,  
t h e r e  i s  a  d e f i n i t e  a d ju s tm e n t  p e r i o d ,  v a r y in g  in  l e n g t h ,  when p hase  
s h i f t s  a r e  made, I m m o b i l iz a t io n  was r u l e d  o u t  as a c a u s e  when i t  
was d e te rm in e d  t h a t  i n  each  c a s e  s t r e n g t h  o f  g r ip  r e t u r n e d  to  norm al 
v a lu e  i n  o n e - h a l f  to  one h o u r .  T h e re fo re ,  i f  im m o b i l i z a t io n  i s  a 
f a c t o r  a t  a l l ,  i t  i s  u n l i k e l y  t h a t  i t  i s  th e  s o le  c a u s a t i v e  f a c t o r .
In  c o n ju n c t io n  w i th  th e  s tu d y ,  th e  te m p e ra tu re  o f  t h r e e  s u b j e c t s  was 
r a i s e d  by  immersion i n  h o t  w a te r  a t  t im es  o f  th e  day when i t  was 
known t h a t  s t r e n g t h  o f  g r ip  was s t a t i c  o r  d e c r e a s in g .  I n  each c a se  
a r i s e  o f  te m p e ra tu re  o f  two d e g re e s  F a h r e n h e i t  in c r e a s e d  th e  
s t r e n g t h  o f  g r i p ,  b u t  a  f u r t h e r  r i s e  o f  one d e g re e  (101°F o r  o v e r )  
d id  n o t  i n c r e a s e  t h e  g r i p  s t r e n g t h ,  and on two o c c a s io n s  a c t u a l l y  
d e c r e a s e d  i t .  Subsequen t c o o l in g  red u ced  t h e  s t r e n g t h  o f  g r i p .  The 
r e s u l t s  o f  t h i s  s tu d y  s u g g e s t  t h a t  d i u r n a l  v a r i a t i o n  o f  g r i p  i s  a
S o llb e r g e r , op. c i t . ,  pp. 79 -80 .
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m a n i f e s t a t i o n  o f  a  fu n d a m e n ta l  body rh y th m  and i s  p a r a l l e l e d  to  some
e x t e n t  by  v a r i a t i o n  o f  t e m p e r a t u r e .  P a r a l l e l  v a r i a t i o n  i s  n o t
a d e q u a te  e v id e n c e ,  how ever, f o r  r e g a r d i n g  two t h i n g s  a s  c a u s e  and
e f f e c t ,  s i n c e  o t h e r  s u b s ta n c e s  i n  th e  body such  a s  p lasm a  i r o n  and
a d r e n a l  s e c r e t i o n  show a d i u r n a l  v a r i a t i o n  o f  s i m i l a r  p a t t e r n  b u t
130a r e  a lm o s t  c e r t a i n l y  n o t  d i r e c t l y  r e l a t e d .
B oh len  s t u d i e d  e i g h t  v a r i a b l e s ,  t h r e e  o f  w hich  d e a l t  w i th
p e r fo rm a n c e  (e y e -h a n d  s k i l l ,  r i g h t  and l e f t  h a n d - g r ip  s t r e n g t h ) ,  i n
Eskim os (N=8). D a ta  w ere  c o l l e c t e d  o v e r  f o u r  e q u a l l y - s p a c e d  s e a s o n a l
su b sp a n s  o f  a b o u t  t h r e e  weeks e a c h  a t  th e  s o l s t i c e s  and e q u in o x es
d u r in g  a  p e r io d  o f  a  y e a r  and a  h a l f .  R e s u l t s  i n d i c a t e d  t h a t  th e
c i r c a d i a n  rh y thm  a m p l i tu d e  was s l i g h t l y  g r e a t e r  th a n  th e  c i r c a d i a n
rh y th m  a m p l i tu d e  f o r  th e  t h r e e  p e r fo rm an c e  v a r i a b l e s  m e n tio n e d .
However, b e c a u s e  o f  th e  amount o f  tim e  t h a t  e l a p s e d  b e tw ee n  d a t a
c o l l e c t i o n  and s e a s o n s ,  B oh len  f e l t  t h a t  a  l e a r n i n g  t r e n d  may have
in f l u e n c e d  th e  rh y th m s and s h o u ld  be b e t t e r  c o n t r o l l e d  i n  f u t u r e  
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s t u d i e s .
K le i tm a n  found t h a t  c u r v e s  o f  b o th  speed  and a c c u r a c y  o f  
p e r fo rm an c e  showed a  w e l l -m a rk e d  rhy thm , w i t h  low p o i n t s  i n  th e  
m orn ing  and l a t e  a t  n i g h t  and t h e  h ig h  p o i n t  i n  t h e  m id d le  o f  th e  
d a y .  I t  was found t h a t  th e  t e m p e r a t u r e  c u r v e  was p a r a l l e l  t o  t h a t  o f  
p e r fo rm an c e  e x c e p t  d u r in g  th e  p e r i o d  b e tw ee n  1200 and  1800 h o u r s .
130V erna W r ig h t ,  " F a c t o r s  I n f l u e n c i n g  D iu r n a l  V a r i a t i o n  o f  
S t r e n g t h  o f  G r i p , "  R esearch  Q u a r t e r l y , XXX (March, 1 9 5 9 ) ,  110-116 .
131 . Jo se p h  G. B oh len , "C irc u m p o la r  C h ro n o b io lo g y ,"  (u n p u b l i sh e d  
D o c to r a l  d i s s e r t a t i o n ,  th e  U n i v e r s i t y  o f  W isc o n s in ,  1 9 7 2 ) ,  p p .  163- 
167.
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Between th e s e  two tim es  p e rfo rm an ce  d e c l i n e d  somewhat, a l th o u g h  th e
com posite  body te m p e ra tu re  was s t i l l  r i s i n g  s l i g h t l y .  The f in d i n g s
p ro v id e d  c o n v in c in g  e v id e n c e  t h a t  g e n e r a l l y  t a s k  e f f i c i e n c y  i n c r e a s e s
132a s  body te m p e ra tu re  i n c r e a s e s .
In  a  r e l a t e d  s tu d y  o f  s im p le  r e a c t i o n  tim e  and c h o ic e  
r e a c t i o n  t im e ,  K le i tm an  c a r r i e d  o u t  t e s t s  be tw een  700 and 2300 h o u r s ,  
u s in g  b o th  v i s u a l  and a u d i t o r y  s t i m u l i .  I t  was c o n c lu d ed  from t h i s  
i n v e s t i g a t i o n  t h a t  p e rfo rm an ces  e x h i b i t e d  a  d i u r n a l  c u rv e  c o n s i s t i n g  
o f  a p r o g r e s s i v e  d e c r e a s e  i n  r e a c t i o n  d u r in g  th e  morning and e a r l y  
a f t e r n o o n  and an  i n c r e a s e  in  th e  l a t e  a f t e r n o o n  and e v e n in g ,  and t h a t  
th e  v a r i a t i o n  many t im e s  c o in c id e d  w i th  th e  d i u r n a l  t e m p e ra tu re  
c u r v e .  B ecause  o n ly  s i x  s u b j e c t s  w ere  u s e d ,  Colquhoun su g g e s te d  t h a t  
f u r t h e r  r e s e a r c h  i s  needed  b e f o r e  i t  c an  be  a c c e p te d  w i th o u t  
r e s e r v a t i o n  t h a t  changes  i n  r e a c t i o n  t im e  d u r in g  th e  w aking p e r io d  
a r e  a lw ays a s s o c i a t e d  w i th  v a r i a t i o n s  i n  t e m p e r a tu r e .  K le itm an*s  
s tu d y  was o f  s u f f i c i e n t  d u r a t i o n  ( tw e n ty  d ay s)  to  examine th e  d i u r n a l  
perfo rm ance  f l u c t u a t i o n s  a t  d i f f e r e n t  s t a g e s  o f  p r a c t i c e  a t  any 
p a r t i c u l a r  t a s k .  W ith r e s p e c t  to  r e a c t i o n  t im e ,  t h e r e  was a g r a d u a l  
improvement i n  s c o r e s  f o r  some p e r io d s .  However, t h i s  improvement 
was n o t  r e l a t e d  t o  th e  i n f l u e n c e  o f  body t e m p e r a tu r e .  The s tu d y  
d e m o n s tra te d  t h a t  th e  " t im e  o f  day" e f f e c t  i s  in d e p en d e n t  o f  th e  
d e g re e  o f  f a m i l i a r i t y  w i th  a  t a s k .  In  a d d i t i o n ,  th e  e f f e c t  o f  
t e m p e ra tu re  was more marked i n  th e  c h o ic e  r e a c t i o n  tim e s i t u a t i o n
N a th a n ie l  K le i tm an , S le e p  and W akefu lness  (C hicago: 
U n i v e r s i t y  o f  Chicago P r e s s ,  1 9 6 3 ) ,  pp . 153-153.
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th a n  i n  th e  s im p le  r e a c t i o n  tim e c a s e .  T h is  may have been  b e c a u se  a  
h i g h e r  d e g re e  o f  m en ta l  a c t i v i t y  i s  r e q u i r e d  o f  th e  s u b j e c t  in  th e  
" c h o ic e "  t a s k .  The g r e a t e r  th e  m en ta l  c o n t e n t  o f  a  t a s k ,  th e  more
pronounced sh o u ld  be th e  f l u c t u a t i o n  in  e f f i c i e n c y  a t  p e r fo rm in g  i t
133 134th ro u g h  th e  waking day . ’
B la k e ,  u s in g  e i g h t  t e s t s  o f  a s e n s o r im o to r  and s e n s o ry -m e n ta l -
m otor n a t u r e ,  r e p o r t e d  a  d e f i n i t e  d i u r n a l  v a r i a t i o n  in  pe rfo rm an ce
w i th  e f f i c i e n c y  im proving  th ro u g h o u t  th e  d ay , w i th  th e  e x c e p t io n  o f
a  tem pora ry  d rop  fo l lo w in g  lu n c h .  B lake  s u g g e s te d  t h a t  th e  tim e  o f
135
day e f f e c t  on pe rfo rm an ce  has wide g e n e r a l i t i e s .
Colquhoun c i t e d  too  u n p u b l is h e d  s t u d i e s  by  B lake  t h a t  r e p o r t e d
no e v id e n c e  t h a t  e a t i n g  would c a u se  a change in  p e r fo rm an ce . A lthough
th e  problem  needs  f u r t h e r  r e s e a r c h ,  i t  a p p e a rs  q u i t e  e v id e n t  t h a t
perfo rm ance  d ip  i s  n o t  accom panied by a m e asu ra b le  d rop  i n  te m p e ra tu re
l e v e l .  P e rh a p s ,  a r o u s a l  and perfo rm ance  l e v e l s  may a f f e c t  p e rfo rm an ce
a f t e r  e a t i n g .  The " r e s t "  phase  o f  an u n d e r ly in g  r e s t - a c t i v i t y
p e r i o d i c i t y  o f  some 80 to  90 m inu te  d u r a t i o n  i s  more b a s i c  th a n  th e
136tw e n ty - fo u r  h o u r  rhythm  i t s e l f .
O th e r  pe rfo rm an ce  s t u d i e s  have shown t h a t  d e la y  by sw i tc h b o a rd  
o p e r a t o r s  in  a n sw erin g  c a l l s  was b o th  g r e a t e r  and more v a r i a b l e  d u r in g
133I b i d . ,  p .  150-152.
■'■-^Colquhoun, op . c i t . ,  p .  46 .
J .  F. B la k e ,  "Time o f  Day E f f e c t s  on P e rfo rm ance  i n  a  
Range o f  T a s k s . "  Psychonomic S c i e n c e , IX (Septem ber-D ecem ber, 1967), 
349-350.
^ 6M. J .  F . B lake  (u n p u b l i sh e d  s t u d i e s ) ,  c i t e d  by Colquhoun, 
op .  c i t . , p . 49 .
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n i g h t  s h i f t s  (2300 to  800 h o u rs )  than  d u r in g  e i t h e r  a day s h i f t
(800 to  1600 h o u rs )  o r  an e v en in g  s h i f t  (1600 to  2300 h o u r s ) .
C o n cu r r in g  w ere  s t u d i e s  showing e r r o r s  w hich  peaked a t  300 h o u rs  and
a sm a l l  peak a t  1500 h o u r s ,  w hich may be synonomous w i th  th e  " a f t e r -
137lu n ch  d ip "  r e p o r t e d  by B lak e .
R e s u l t s  i n  r e a c t i o n  tim e s t u d i e s  conducted  i n  O g in sk i  s t e e l  
m i l l  i n  1966 showed an  a f t e r n o o n /e v e n in g  s h i f t  to  be  s u p e r i o r  to  
morning and n i g h t  s h i f t s .  H ow ever ,. r e a c t i o n  tim e o f  n i g h t  w o rk e rs  
was s u s c e p t i b l e  to  improvement s u g g e s t in g  t h a t  " h ig h e r  nervous 
p r o c e s s e s "  a d a p t  more q u ic k ly  t o  an  abnorm al r o u t i n e  th a n  do 
" v e g e t a t i v e "  o n e s .  T h is  f i n d i n g  em phasizes  th e  im p o r tan ce  o f  th e  
c e n t r a l  ne rvous  sys tem  in  p h y s i o l o g i c a l  a d a p t a t i o n  to  such  r o u t i n e s .
I t  a l s o  l e a d s  to  th e  c o n c lu s io n  t h a t  th e  p h y s i o l o g i c a l  mechanisms o f  
th e  tw e n ty - fo u r  h o u r  rhy thm  o f  body f u n c t io n s  a r e  b a se d  on th e  
ach iev em en t o f  a " s t e r e o ty p e  o f  t im e - c o n d i t io n e d  r e f l e x e s ."138
The fo l lo w in g  a r e  c h a r a c t e r i s t i c s  o f  p e rfo rm an ce  rh y th m s: 
a t  400 h o u rs  t h e r e  seems to  be  th e  "low p o i n t "  i n  a l e r t n e s s  and 
e f f i c i e n c y  w hich c o r re sp o n d s  to  a tim e o f  minimum a c t i v i t y ;  i t  i s  
p o s s i b l e  to  d i s t i n g u i s h  "m orn ing" and " ev e n in g "  ty p e s  n o t  o n ly  in  
p h y s i o l o g i c a l  and pe rfo rm an ce  te rm s ,  b u t  i n  m easu rab le  p e r s o n a l i t y  
c h a r a c t e r i s t i c s ;  o b s e r v a b le  f l u c t u a t i o n s  i n  muscle p o t e n t i a l s  a r e  
i n t i m a t e l y  r e l a t e d  to  r e a c t i o n  t im e ; and , th e  m e n s t ru a l  c y c le  does 
a f f e c t  th e  c a p a c i t y  to  c a r r y  o u t  c e r t a i n  t a s k s .  However, th e  e x t e n t  to
137 I b i d . ,  p . 55 .
138— - J e-7I b i d . ,  p .  57 .
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w hich th e s e  i n f l u e n c e s  w i l l  be m a n i fe s te d  i n  changes  in  pe rfo rm ance
depends upon th e  e x t e n t  to  w hich  th e  d e c r e a s e s  in  c a p a c i t y  can  be
139o f f s e t  by  i n c r e a s e d  e f f o r t .
K le in ,  Wegmann, and B ru n e r  s t u d i e d  th e  e x i s t e n c e  and m agnitude
o f  rh y th m ic  d a y - n ig h t  v a r i a t i o n s  in  human p e rfo rm an c e ,  p h y s i c a l
f i t n e s s  and s t r e s s  r e s i s t a n c e .  D ata  c o l l e c t e d  w ere  o r a l  t e m p e ra tu re ,
m easurem ents  o f  c a r d i a c  o u t p u t ,  number o f  e o s i n o p h i l s  i n  b lo o d ,
m easured  s im p le  r e a c t i o n  t im e  and computed i n d i v i d u a l  v a r i a n c e  in
r e a c t i o n  t im e . C ycles  o f  m en ta l  p e rfo rm an c e ,  and l i k e l y  o f  p h y s i c a l
p e rfo rm an ce  a s  w e l l ,  e x h i b i t e d  peaks  d u r in g  t i l t  t o l e r a n c e  t e s t s  on
th e  a v e ra g e  be tw een  a p p ro x im a te ly  1 :00  and 7 :00  p.m . and t ro u g h s  a t
n i g h t  be tw een  2 :0 0  and 6 :0 0  a .m . More p r e c i s e l y ,  m en ta l  pe rfo rm an ces
peaked be tw een  2 :0 0  and 4 :0 0  p.m . This  was th e  p e r io d  o f  b e s t
r e a c t i o n  tim e and psychom otor c o o r d i n a t i o n .  P o o r e s t  p e rfo rm an ces
were be tw een  2 :0 0  and 4 :0 0  a .m . Maximum oxygen co n su m p tio n , p u ls e
p r e s s u r e ,  and th e  l e n g th  o f  t im e  s u b j e c t s  co u ld  m a in ta in  u s e f u l
c o n s c io u s n e s s  d e s p i t e  to o  l i t t l e  oxygen a l l  v a r i e d  c o n s i d e r a b l y ,
d ep en d in g  upon t im e  o f  day d u r in g  t i l t  t a b l e  t o l e r a n c e  t e s t s .  Blood
c o n s t i t u e n t s  changed s u b s t a n t i a l l y  d u r in g  th e  d ay ,  b u t  body
te m p e ra tu re  v a r i e d  l i t t l e .  P e rfo rm ance  r e s u l t s  on a t e s t  b a t t e r y ,
m easu r in g  r e a c t i o n  t im e  and psychom otor c o o r d i n a t i o n ,  showed a marked 
140
rh y th m . The f i n d i n g s  sh o u ld  a l e r t  p h y s i c a l  e d u c a to r s  t o  c o n s id e r
1 ^9xo* I b i d . ,  pp . 4 9 -2 3 5 .
E. K le in ,  H. M. Wegmann, and H. B ru n e r ,  " C i r c a d ia n  
Rhythm i n  I n d ic e s  o f  Human P e rfo rm a n ce ,  P h y s ic a l  F i t n e s s  and S t r e s s  
R e s i s t a n c e , 11 A erospace  M ed ic in e . XXXIX (May, 196 8 ) ,  512-518 .
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the  g e n e r a l i z a t i o n  t h a t  a h e a l t h y  man's e f f i c i e n c y  d u r in g  a  tw enty- 
fo u r  hou r t o t a l  averag e  i s  low ered a t  n ig h t  and in c re a s e d  d u r in g  th e  
day .
A time zone a i r  f l i g h t  i n v e s t i g a t i o n  by K le in ,  Wegmann, and 
Hunt found t h a t  i t  took f o u r t e e n  to  f i f t e e n  days f o r  human 
te m p e ra tu re  rhythm s to  r e a d j u s t  c o m p le te ly  fo l lo w in g  e a s t -b o u n d  
f l i g h t s  and e le v e n  to  tw e lve  days a f t e r  w est-bound  f l i g h t s .  On the 
a v e ra g e ,  tw e lve  days were r e q u i r e d  f o r  a d ju s tm en ts  in  psychomotor 
ta s k s  f o r  p e rso n s  on e a s t-b o u n d  f l i g h t s ,  and te n  days f o r  w est-bound  
f l i g h t s .  R ead jus tm en t f o r  s im p le r  t a s k s ,  in c lu d in g  v i s u a l  r e a c t i o n  
t im e , r e q u i r e d  on th e  a v e ra g e ,  n in e  and s i x  d a y s ,  r e s p e c t i v e l y .
There was a s i g n i f i c a n t  time o f  day v a r i a t i o n  in  th e  p r e f l i g h t  p e r io d  
f o r  a l l  t e s t s ,  w i th  th e  e x c e p t io n  o f  d i g i t  summation, w hich was 
c o n s id e re d  s u r p r i s i n g  s in c e  d i u r n a l  v a r i a t i o n  seems to  be f a i r l y  w e l l  
e s t a b l i s h e d .  E xcep t f o r  r e a c t i o n  t im e , a l l  cu rv es  e x h ib i t e d  a  r i s e  
in  th e  morning and a p la t e a u  l a t e r  d u r in g  th e  day . U s u a l ly ,  th e  
cu rv e s  d i s p la y e d  a  s l i g h t l y  developed  maximum a t  1500 h o u rs  f o r  
psychomotor p e rfo rm ance , 1800 h o u rs  f o r  d i g i t  summation, and 2100 
ho u rs  f o r  te m p e ra tu re .  I n c o n s i s t e n t  w ith  t h i s  p a t t e r n ,  th e  s h o r t e s t  
r e a c t i o n  tim e was ev idenced  i n  th e  f i r s t  t e s t  o f  the  d ay , a t  th e  900 
hou r. In  p re v io u s  t e s t s ,  r e a c t i o n  time r e s u l t s  were more s i m i l a r  to  
o th e r  perform ance t e s t s .
K. E. K le in ,  H. M. Wegmann, and B. I .  Hunt, 
" D esy n c h ro n iz a t io n  o f  Body Tem perature and Perform ance C i r c a d ia n  
Rhythm as  a R e s u l t  o f  O utgoing and Homegoing T ran sm erid ian  F l i g h t s , "  
A erospace M ed ic in e , X LIII (F eb ru a ry ,  1972), 119-132.
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Mann r e p o r t e d  a s tu d y  on m u l t i p l e - c h o i c e  r e a c t i o n  tim e 
in v o lv in g  tw elve  s u b j e c t s  o v e r  a tim e sp an  o f  t h i r t y - o n e  d a y s .  In  
ag reem en t w i th  numerous o t h e r  s t u d i e s ,  r e a c t i o n  t im e  a t  2400 and 
400 h o u rs  was s lo w er  th an  d u r in g  d a y t im e .  R e a c t io n  tim e a t  n i g h t  
was dependen t on th e  d u r a t i o n  o f  th e  p r e c e d in g  p e r io d  o f  s l e e p  o r  
w a k e fu ln e s s .  R e a c t io n  tim e was lo n g e r  when th e  p re c e d in g  tim e o f  
s l e e p  was l e s s .  From th e  r e s e a r c h  f i n d i n g s ,  Mann co n c lu d ed  t h a t  
" r e a c t i o n  tim e r e p r e s e n t s  a m easure  o f  a c i r c a d i a n  rhy thm  o f  
p e rfo rm ance  w hich i s  m o d if ied  b u t  n o t  c au sed  by s l e e p . " ^ ^
Mann and o t h e r s  t e s t e d  sev en  s u b j e c t s  on r e a c t i o n  tim e and
body te m p e ra tu re .  The f i n d i n g s  showed t h a t  r e a c t i o n  t im e  d e c r e a s e d
when body te m p e ra tu re  i n c r e a s e d ,  and v i c e  v e r s a .  An im p o r ta n t  f a c t
was t h a t  no s i g n i f i c a n t  c o r r e l a t i o n  be tw een  body te m p e ra tu re  and
r e a c t i o n  tim e  was o b ta in e d  when v a lu e s  o f  th e  same t im e  o f  day from
s e v e r a l  days  o r  a v e ra g e  v a lu e s  from  s u c c e s s iv e  days w ere  com pared ,
i n d i c a t i n g  t h a t  pe rfo rm an ce  c a n n o t  be  p r e d i c t e d  on th e  b a s i s  o f
te m p e ra tu re  a lo n e  b u t  i s  a l s o  a f f e c t e d  by th e  p h ase  o f  th e  c i r c a d i a n  
143
c y c l e .
Body te m p e ra tu re  does n o t  d e m o n s t ra te  d i u r n a l  v a r i a t i o n s  in  
a l l  i n d i v i d u a l s ,  w h ich  makes c o r r e l a t i o n s  o f  body t e m p e ra tu re  and 
pe rfo rm an ce  much more d i f f i c u l t .  Such a phenomenon was r e c o g n iz e d
142H. Mann, " C i r c a d ia n  Rhythm o f  R e a c t io n  Time D uring  N ig h t  
Work: I .  Phase o f  Maximum and I n f lu e n c e  o f  S le e p  on Range o f
O s c i l l a t i o n , 11 B i o l o g i c a l  A b s t r a c t s , LV ( J a n u a ry ,  1 9 7 3 ) ,  No. 5015.
H. Mann, E. P o e p p e l ,  and J .  R u te n f r a n z ,  " C i r c a d ia n  Rhythm 
o f  R ea c t io n  Time D uring  N ig h t  Work: I I I .  C o r r e l a t i o n s  Between Body
T em pera tu re  and R e a c t io n  T im e,"  B i o l o g i c a l  A b s t r a c t s , LV (F e b ru a ry ,  
197 3 ) ,  No. 18447.
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when an  a t t e m p t  was made to  c l a s s i f y  h a b i t u a l  m orning and ev en in g
w orkers  on t h e  b a s i s  o f  t h e i r  answ ers  to  a q u e s t i o n n a i r e  d u r in g  a
m orning and e v en in g  s e s s i o n .  Evening  w o rk e rs  perfo rm ed  b e t t e r  i n  a
v e r b a l - r o t e  l e a r n i n g  t a s k  and i n  a  v i s u a l - c h o i c e  r e a c t i o n  ta s k  i n  th e
e v en in g  a s  compared w i th  th e  m orning  s e s s i o n ,  w h i le  m orning w o rk e rs
perfo rm ed  b e t t e r  in  t h e  m orning th a n  i n  th e  ev en in g  s e s s i o n .  Body
te m p e ra tu re s  o f  th e  ev en in g  w o rk e rs  were  h i g h e r  i n  the  e v en in g  th a n
i n  th e  m orn ing . However, m orning w o rk e rs  showed no d i u r n a l  v a r i a t i o n .
From a s o c i o l o g i c a l  p o i n t  o f  v iew  th e  q u e s t i o n n a i r e  c l a s s i f i e d  ev en in g
144w o rk e rs  a s  s i g n i f i c a n t l y  more e x t r o v e r t e d  th a n  m orning w o rk e rs .
F ro b e rg  and o t h e r s  d e te rm in e d  t h a t  a d r e n a l in e  f low  had i t s
maximum v a lu e s  i n  th e  a f t e r n o o n  and i t s  minimum v a lu e s  i n  th e  e a r l y
m orning , w h i le  n o r a d r e n a l in e  and u r i n e  f low  peaked d u r in g  th e  m orning
h o u r s .  The minimum p a r t  o f  a  f a t i g u e  c u rv e  o c c u r re d  a t  ab o u t  th e  same
tim e as  t h e  a d r e n a l i n e  maximum. A c c o rd in g ly ,  a d r e n a l i n e  e x c r e t i o n
was h ig h ly  c o r r e l a t e d  w i th  psychom otor perfo rm ance  and n e g a t i v e l y
c o r r e l a t e d  w i th  f a t i g u e  r a t i n g s .  The r e v e r s e  was t r u e  f o r
145n o r a d r e n a l in e  e x c r e t i o n .
D e la c e rd a  and S te b e n  c h e m ic a l ly  a n a ly z e d  u r i n e  sam ples to  
d e te rm in e  th e  e f f e c t s  o f  endu rance  e x e r c i s e  o f  th e  c i r c a d i a n  rhythm  
o f  1 7 - K e t o s t e r o i d s . S ix  male s u b j e c t s  e x e r c i s e d  on a b i c y c l e  e rg o m e te r
14 4 p au la  P a t k a i ,  "D iu rn a l  D i f f e r e n c e s  Between H a b i tu a l  Morning 
W orkers and E ven ing  W orkers i n  Some P s y c h o lo g ic a l  and P h y s io l o g i c a l  
F u n c t i o n s , "  P s y c h o lo g ic a l  A b s t r a c t s . XLVII (May, 1972), No. 8452.
F ro b e rg  and o t h e r s ,  " C i r c a d ia n  V a r i a t i o n s  i n  P e rfo rm an ce ,  
P s y c h o lo g ic a l  R a t in g s ,  C a tech o lam in e  E x c r e t io n  and D i u r e s i s  D uring 
P ro lo n g ed  S le e p  D e p r i v a t i o n , "  B i o l o g i c a l  A b s t r a c t s . LV (F e b ru a ry ,  
197 3 ) ,  No. 22498.
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u n t i l  a h e a r t  r a t e  o f  180 b e a t s  p e r  minute was a t t a i n e d  from 2100 to
2300 h o u rs ,  f iv e  days a week f o r  th r e e  weeks. With the  f i r s t  week
and l a s t  week s e rv in g  as c o n t r o l s ,  th e  h ig h e s t  v a lu es  were found in
th e  second and t h i r d  weeks o f  e x e r c i s e ,  w i th  a secondary  peak o f  17-
K e to s te ro id  e x c r e t io n  a p p ea r in g  d u r in g  th e  t h i r d  week o f  e x e r c i s e .
The secondary  peak reced ed  d u r in g  the  f i f t h  week and c i r c a d i a n
p a t t e r n s  o f  1 7 -K e to s te ro id  e x c r e t io n  s low ly  r e tu rn e d  toward p a t t e r n s
seen  in  th e  i n i t i a l  c o n t r o l  p e r io d .  The a u th o rs  concluded  th a t  the
second peak in  1 7 -K e to s te ro id s  occu rred  in  a n t i c i p a t i o n  o f  the
e x e r c i s e  r a t h e r  than  a  r e s u l t  o f  a c t i v i t y  on th e  b ic y c le  e rgom eter ,
and t h a t  " i f  a n t i c i p a t o r y  1 7 -K e to s te ro id  in c re a s e s  th e  e f f i c i e n c y  of
th e  e x e r c i s e ,  c o n d i t io n in g  f o r  an a t h l e t i c  even t should  occur a t  the
same time o f  day a s  co m p e t i t io n .
In  a s tudy  by Pan fe rova , l im i t e d  m o b i l i ty  a f f e c t e d  the
c i r c a d i a n  rhythms o f  body te m p e ra tu re ,  p u ls e ,  b lood  p r e s s u r e ,  and
r e s p i r a t i o n .  Body tem pera tu re  in  the  l a t e  hours (10:00 to  12:00 p .m .)
in c re a s e d  in s te a d  o f  d ec rea se d .  I t  was concluded th a t  l i m i t a t i o n  in
locomotor a c t i v i t y  o f  the  m uscles r e f l e c t e d  changes in  c i r c a d i a n
147rhythms o f  th e  body, e s p e c i a l l y  t h a t  o f  body te m p era tu re .
H alberg  made th e  p o in t  th a t  human c i r c a d ia n  c i r c u l a t o r y  
rhythms i n  o u te r  space  and th e  e f f e c t s  o f  bed r e s t ,  w i th  o r  w ith o u t
1
Fred  G. D elacerda  and Ralph E. S teben , "The E f f e c t  o f  an 
Endurance Type E x e rc is e  Program on th e  C irc ad ian  Rhythm o f  U rin a ry  
1 7 - K e to s te r o id s ."  Medicine and Sc ience  i n  S p o r t s , VI (No. 2 , 1974), 
126-128.
E. P an fe ro v a , "The C irc a d ia n  F u n c t io n a l  Rhythm Under 
C o n d it io n s  o f  L im ited  M o b i l i ty ,"  B io lo g ic a l  A b s t r a c t s , XLVII (May, 
1966), No. 40683.
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e x e r c i s e ,  must be s tu d ie d  f u r t h e r .  Rhythms in  the  v a r i a b l e s
mentioned e x i s t ,  b u t  more d a ta  a r e  needed to  de term ine  i f  th e se
rhythms a re  synchron ized  on a tw e n ty - fo u r  hour b a s i s  under th e se  
148
c o n d i t io n s .  S tu d ie s  in  t h i s  a r e a  su g g es t  the  im portance of
e x e r c i s e  and movement as i t  r e l a t e d  to  c i r c a d i a n  rh y th m ic i ty  of
human perform ance.
The e f f e c t  o f  time of day upon fo rea rm  a r t e r i a l  b lood flow ,
bo th  a t  r e s t  and im m ediate ly  fo l lo w in g  a  s u s ta in e d  submaximal
c o n t r a c t i o n  o f  the  fo rearm  m uscles , was s tu d ie d  in  e ig h t  male
s u b je c t s  l i v i n g  a normal r o u t i n e .  Data on b lood flow , h e a r t  r a t e ,
and o r a l  tem p e ra tu re  were c o l l e c t e d  fo u r  t im es d a i l y  from s u b je c t s
who r e s t e d  t h i r t y  m inutes p r i o r  to  each exper im en t.  C irc ad ian
p a t t e r n s  i n  bo th  r e s t i n g  forearm  a r t e r i a l  flow  and maximum p o s t
e x e r c i s e  flow  were o b ta in e d .  The rhythms g e n e r a l ly  peaked in  the
l a t e  a f te rn o o n ,  as d id  h e a r t  r a t e  and body te m p e ra tu re .  F ind ings
in d ic a te d  t h a t  a c y c l i c  p a t t e r n  e x i s t s  i n  p e r ip h e r a l  r e s i s t a n c e  in
149a d d i t io n  to  known a r t e r i a l  p r e s s u re  rhythm s.
^ ® F ran z  H alberg  and o t h e r s ,  "Human C irc a d ia n  C i r c u la to r y  
Rhythms During W eig h t lessn ess  in  E x t r a t e r r e s t r i a l  F l i g h t  o r  B ed res t  
With and W ithout E x e r c i s e , "  B io lo g ic a l  A b s t r a c t s , LI (O ctober, 1970), 
No. 111180.
l^ M a s a h i r o  Kaneko, Fred  W. Zechman and R obert E. Smith, 
"C ircad ian  V a r ia t io n s  i n  Human P e r ip h e r a l  Blood Flow L eve ls  and 
E x e rc ise  R esp o n ses ,11 Jo u rn a l  o f  A pplied  P s y s io lo g y , XXV (No. 2, 1968), 
109-114.
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SUMMARY OF BIOLOGICAL RHYTHMS IN HUMAN 
MOTOR PERFORMANCE
Most s tu d ie s  co n ce rn in g  human motor perform ance and 
b io l o g i c a l  rhythms c o n c e n tra te d  more on th e  p h y s io lo g ic a l  a s p e c ts  
than on perform ance i t s e l f .  The s tu d ie s  f e a tu r in g  perform ance were 
l a r g e ly  i n v e s t i g a t i o n s  o f  r e a c t i o n  time t e s t s .  The m a jo r i ty  o f  th e  
s tu d ie s  were c a r r i e d  ou t over a re a so n a b le  le n g th  o f  t im e ,  w ith  
c i r c a d i a n  le n g th  rhythms be ing  sought and c h a r te d .  Only one s tudy  
a ttem pted  to  examine b i o l o g i c a l  rhythms in  th e  low frequency  ran g e .
S tu d ie s  l in k e d  to  perform ance c o n s id e re d  to p ic s  such  as time 
o f  day, s le e p  l o s s ,  body te m p e ra tu re ,  and speed and accu racy  o f  t a s k s .  
O ther v a r i a b l e s  in v e s t ig a t e d  to  d e te rm ine  t h e i r  e f f e c t s  on perform ance 
as they  r e l a t e  to  b i o l o g i c a l  rhythms w ere: e f f e c t s  o f  e a t i n g ,
a ro u s a l  l e v e l s ,  d i r e c t i o n  o f  e a s t -w e s t  t r a v e l ,  a d re n a l in e  e x c r e t io n ,  
1 7 -K e to s te ro id  e x c r e t io n ,  and th e  e f f e c t s  o f  l im i t e d  m o b i l i ty .
C hap te r  3
PROCEDURE OF THE STUDY 
OVERVIEW
The s tu d y  was conducted  d u r in g  th e  f a l l  o f  1975 a t  the  
U n iv e r s i ty  o f  S o u th w es te rn  L o u is ia n a  i n  L a f a y e t t e ,  L o u is ia n a .
E i g h ty - e ig h t  s tu d e n t s  ( t h i r t y - n i n e  males and f o r t y - n i n e  
fem ales)  e n r o l l e d  in  t h r e e  p h y s ic a l  e d u c a t io n  a c t i v i t y  c o u rse s  
s e rved  as  s u b j e c t s .  The t e s t  b a t t e r y  used  i n  th e  s tu d y  in v o lv ed  
two measures o f  motor p e rfo rm ance , a s t r e n g t h  t e s t  (g r ip p in g  fo r c e )  
and a combined hand r e a c t i o n  and speed o f  movement t a s k  ( resp o n se  
t i m e ) .
Each s u b j e c t  perform ed n in e  t r i a l s  i n  th e  re sp o n se  time t a s k  
and two t r i a l s  in  the  h a n d -g r ip  t a s k  t h r e e  tim es  p e r  week o v e r  a tim e 
p e r io d  o f f o u r t e e n  weeks. The p u rp o se  o f  th e  c o l l e c t i o n  o f  d a ta  in  
th e  two m easures o f  motor perform ance  was to  d e te rm in e  w h e th er  m edia l 
a n d /o r  low freq u en cy  ran g e  c y c le s  i n  motor perform ance co u ld  be 
d e te c te d .
For s t a t i s t i c a l  pu rposes  i t  was n e c e s s a ry  to  d e l i m i t  the  
o r i g i n a l  s u b je c t  number to  th o se  s u b j e c t s  who had a t te n d e d  a l l  t e s t i n g  
s e s s i o n s .  TWenty-six s u b je c t s  ( f o u r t e e n  males and tw e lve  fem ales)  
s a t i s f i e d  th e  re q u ire m e n t  o f  e q u a l ly  spaced  tim e i n t e r v a l s  in  d a ta  
c o l l e c t i o n  n e c e s s a ry  to  pe rfo rm  th e  harmonic a n a l y s i s .
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The d e s ig n  o f  th e  s t a t i s t i c a l  a n a l y s i s  c o n s i s t e d  o f  a n a l y s i s  
o f  v a r i a n c e  w i th  l e a s t  s q u a r e s  cu rv e  f i t t i n g  encom passing  l i n e a r  
r e g r e s s i o n  and harm onic  a n a l y s i s .
SELECTION OF SUBJECTS
The s u b j e c t s  f o r  t h i s  s tu d y  w ere  e i g h t y - e i g h t  s tu d e n t s  
( t h i r t y - n i n e  m ales and f o r t y - n i n e  fe m a le s )  a c q u i r e d  from t h r e e  
p h y s i c a l  e d u c a t io n  a c t i v i t y  c o u r s e s  (two badm in ton  s e c t i o n s  and one 
t e n n i s  s e c t i o n ) .  A l l  s u b j e c t s  were c a p a b le  o f  t a k in g  th e  t e s t  b a t t e r y  
u se d .  For s t a t i s t i c a l  p u rp o ses  i t  was n e c e s s a r y  to  d e l i m i t  the  
s u b j e c t  number t o  tw e n ty - s ix  ( f o u r t e e n  m ales and tw e lv e  f e m a le s ) .
The tw e n ty - s ix  s u b j e c t s  d id  n o t  m iss a t e s t i n g  s e s s i o n  w hich s a t i s f i e d  
th e  s t a t i s t i c a l  r e q u i re m e n t  o f  e q u a l l y  spaced  i n t e r v a l s  m andatory to  
p e rfo rm  th e  harm onic  a n a l y s i s .  The tw e n ty - s ix  s u b j e c t s  ranged  i n  age  
from se v e n te e n  y e a r s  to  tw en ty -tw o  y e a r s .
TESTS AND TESTING EQUIPMENT
T e s ts  u sed  i n  t h i s  s tu d y  were chosen  f o r  t h e i r  s i m p l i c i t y ,  
f l e x i b i l i t y  o f  o r d e r  o f  p r e s e n t a t i o n ,  s u i t a b i l i t y  f o r  b o th  s e x e s ,  
h ig h  c o e f f i c i e n t s  o f  r e l i a b i l i t y  and v a l i d i t y ,  and e a s e  and speed o f  
a d m i n i s t r a t i o n .  In  a d d i t i o n ,  th e  t e s t s  s e l e c t e d  m easured motor 
t r a i t s  ( r e s p o n se  tim e and s t r e n g t h )  w hich  a r e  n e c e s s a r y  in  th e  
perfo rm ance  o f  many p h y s ic a l  m otor s k i l l s .
Response t im e  was t e s t e d  by m easu ring  th e  tim e  r e q u i r e d  f o r  
th e  s u b j e c t  to  r e a c t  to  a  l i g h t  s t im u lu s  and e x te n d  th e  dominant hand 
in  a fo rw ard  d i r e c t i o n  a d i s t a n c e  o f  one f o o t  in  a h o r i z o n t a l  p la n e .
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Length o f  tim e from th e  " s e t "  command to  th e  f l a s h i n g  o f  th e  l i g h t  
s t im u lu s  ranged  from a p p ro x im a te ly  1 .1  seconds to  3 .3  seconds . The 
time i n t e r v a l s  between p r e p a r a to r y  command and p r e s e n t a t i o n  o f  th e  
l i g h t  s t im u lu s  v a r ie d  f o r  each  t r i a l  and th e  sequence p a t t e r n  changed 
each week.
A Human Perform ance A na lyzer was used  to  measure re sp o n se
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tim e . The a n a ly z e r  was equipped w i th  a de layed  s t a r t e r  to  
a c t i v a t e  a f l a s h i n g  l i g h t  b u lb ,  and one b re a k  c o n t a c t  sw itch  mechanism 
t h a t  s to p p ed  th e  tim e c lo c k  o f  th e  a n a ly z e r  when c o n ta c te d .  The 
c lo c k  r e g i s t e r e d  tim e a c c u r a t e l y  to  .01 second.
The f l a s h i n g  l i g h t  s t im u lu s  f o r  r e a c t i o n  t im e ,  one fo o t  
d i s t a n c e  f o r  movement t im e , and th e  e l e c t r i c a l l y  o p e ra te d  c lo c k  t im e r  
were s ta n d a r d iz e d  p ro ced u res  e a s i l y  c o n t r o l l e d  t h a t  combined f o r  
v a l i d  and r e l i a b l e  re sp o n se  tim e m easurem ents.
S t r e n g th  was t e s t e d  by  m easuring  th e  fo rc e  o f  th e  hand g r ip  
o f  the  dominant hand. Grip  s t r e n g t h  i s  commonly u sed  as  an i n d i c a t i o n  
o f  g e n e r a l  body s t r e n g t h .
152A S to e l in g  Hand-Grip Dynamometer and H old ing  Device were 
the  in s t ru m e n ts  used  to  measure h a n d -g r ip  s t r e n g t h .  The dynamometer 
was equ ipped  w i th  a s c rew -ty p e  a d ju s t a b l e  h a n d le .  In  a d d i t i o n ,  th e  
dynamometer measured fo r c e  i n  k i lo g ra m s .  A wooden h o ld in g  d e v ic e  was
150Human Perform ance A n a ly ze r .  Model 631 . M anufactured by  
Dekan Timing D evices o f  Glen E l ly n ,  I l l i n o i s .
151W illiam  E. Burke, "A Study o f  th e  R e la t io n s h ip  o f  Age to  
S t r e n g th  and Endurance i n  G r ip p in g ,11 (u n p u b lish ed  D o c to ra l  d i s s e r t a t i o n ,  
The U n iv e r s i ty  o f  Iowa, 1952), p. 1.
^ -^M anufactured  by th e  C. H. S t o e l t i n g  Company o f  C hicago, 
I l l i n o i s .
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c o n s t r u c t e d  f o r  th e  dynamometer to  i n s u r e  s t a n d a r d i z a t i o n  o f  th e
h a n d - g r ip  p ro c e d u re  ( s e e  F ig u r e  1 ) .
R e l i a b i l i t y  c o e f f i c i e n t s  f o r  th e  h a n d -g r ip  dynamometer have
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been r e p o r t e d  in  th e  . 9 0 ’s .  In  a d d i t i o n ,  norms a r e  a v a i l a b l e  f o r
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m ales and fem a les  up to  th e  age o f  e i g h t e e n .
TESTING AREA
A v a c a n t  o f f i c e  i n  th e  E a r l  K. Long Gymnasium se rv e d  a s  a  
l a b o r a t o r y  f o r  th e  s tu d y .  The a r e a  a f f o r d e d  ample sp ace  and p r iv a c y .  
The room was a p p ro x im a te ly  e ig h ty  sq u a re  f e e t  i n  a r e a .  Two t a b l e s  
were u sed  a s  t e s t i n g  s t a t i o n s .  S team h e a t i n g  and one window ty p e  a i r  
c o n d i t i o n in g  u n i t  were  u sed  to  c o n t r o l  t e m p e r a tu r e  i n  a p p ro x im a te ly  
the  68° to  72°F ra n g e .
TESTING PROCEDURE
G en era l  I n f o rm a t io n
T e s t in g  f o r  th e  s tu d y  to o k  p la c e  t h r e e  t im es  a  week (e v e ry  
Monday, Wednesday, and F r id a y )  w i th  th e  e x c e p t io n  o f  o f f i c i a l  
u n i v e r s i t y  h o l i d a y s .  The t e s t i n g  and c o l l e c t i o n  o f  d a t a  e x ten d e d  
over a c o l l e g e  s e m e s te r  ( f o u r t e e n  w eeks) a l lo w in g  f o r  t h i r t y - n i n e  
t e s t i n g  p e r i o d s .
O r i e n t a t i o n  f o r  t h e  s tu d y  b e g an  i n  th e  f i r s t  c l a s s  m e e t in g .  
S u b je c t s  w ere  a s s u re d  t h a t  th e  t e s t i n g  was n e i t h e r  t a x in g  n o r  p a i n f u l .
^ -^ B a r ry  L. Johnson  and J a c k  K. N e lso n , P r a c t i c a l  M easurements 
f o r  E v a lu a t io n  i n  P h y s ic a l  E d u c a t io n  (M in n e a p o l i s :  B u rg ess  P u b l i s h in g
C o . ,  1 9 7 0 ) ,  p .  266.
^ ^ I b i d . ,  p .  265.
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F ig u re  1
S t o e l t i n g  Hand-Grip Dynamometer 
and Holding Device
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S u b je c t s  w ere  t o l d  t h a t  th e y  were to  be  a p a r t  o f  a r e s e a r c h  p r o j e c t ,  
b u t  th e  n a tu r e  o f  th e  r e s e a r c h  was n o t  d i s c l o s e d .  Because  t e s t i n g  
was n o t  to  i n t e r f e r e  w i th  c l a s s  t im e , s u b j e c t s  i n  each  c l a s s  were 
d iv id e d  i n t o  " b e f o r e "  and " a f t e r "  c l a s s  t e s t i n g  groups based  on c l a s s  
s c h e d u le s  and p e r s o n a l  p r e f e r e n c e .
In  th e  second c l a s s  m e e t in g ,  s u b j e c t s  f i l l e d  o u t  d a ta  c a rd s  
t h a t  w ere  u sed  to  r e c o r d  t e s t  r e s u l t s  th ro u g h o u t  th e  s tu d y  ( s e e  
Appendix A ). In  a d d i t i o n ,  v o l u n t e e r s  were s e l e c t e d  a s  a s s i s t a n t  
t e s t e r s  and r e c o r d e r s .  S u b je c t s  w ere  th e n  ta k e n  to  th e  t e s t i n g  
l a b o r a t o r y  f o r  o r i e n t a t i o n  on th e  t e s t  b a t t e r y  and to  r e c o rd  t h e i r  
p r e f e r r e d  h a n d - g r ip  dynamometer s e t t i n g s  f o r  th e  dom inan t hand t h a t  
was to  be u sed  th ro u g h o u t  th e  s tu d y .
T e s t in g  I n s t r u c t i o n s
The fo l lo w in g  i n s t r u c t i o n s  w ere  g iv e n  to  th e  s u b j e c t s  on th e
t e s t i n g  p ro c e d u re s :
1. Response Time. B efo re  you i s  a Bekan t im in g  d e v ic e ,  
e l e c t r i c a l l y  o p e r a te d  and  a c c u r a t e  to  .01  seco n d . The o b j e c t i v e  
w i l l  be t o  r e a c t  to  th e  l i g h t  s t im u lu s  and to  to u c h  th e  b re a k  
c o n t a c t  s w i tc h  mechanism lo c a t e d  one f o o t  away a s  q u ic k ly  as  
p o s s i b l e .  A f t e r  th e  command " s e t " ,  d i s r e g a r d  th e  f i r s t  " c l i c k "  
made by th e  d e la y e d  t im in g  s t a r t e r  a s  i t  i s  a c t i v a t e d .  Concen­
t r a t e  o n ly  on th e  l i g h t  b u lb  a s  i t  w i l l  s e r v e  a s  y o u r  s t im u lu s  
t o  r e a c t  when i t  f l a s h e s .  The tim e from th e  f i r s t  " c l i c k "  u n t i l  
th e  l i g h t  b u lb  f l a s h e s  w i l l  v a ry  i n  tim e so you w i l l  n o t  be a b l e  
t o  e s t a b l i s h  any  s p e c i f i c  rhy thm . In  t h i s  t e s t  n in e  t r i a l s  w i l l  
be g iv e n .  You w i l l  t a k e  th e  t e s t  s t a n d i n g  up w i th  th e  m iddle  
f i n g e r  o f  th e  dom inant hand to u c h in g  th e  heavy  b la c k  l i n e  on th e  
t e s t i n g  t a b l e .  The o t h e r  hand w i l l  be  p la c e d  in  th e  d e s ig n a te d  
a r e a  on th e  t a b l e  l o c a t e d  to  th e  s i d e  and o u t  o f  th e  way o f  th e  
dom inant h and . Avoid h ig h  s l a p p i n g  m otions  when s t r i k i n g  th e  
b re a k  c o n t a c t  sw i tc h  mechanism a s  added h e ig h t  means w asted  
t im e . Your s c o r e s  w i l l  be  r e c o rd e d  to  th e  n e a r e s t  .01  second 
on th e  d a t a  c a r d  i n  th e  n in e  b la n k s  n e x t  to  R and M, th e  
a b b r e v i a t i o n  f o r  combined r e a c t i o n  and movement t im e .
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2. Hand-Grip T e s t . H and-grip  i s  a  measurement o f  s t r e n g th .  
The in s tru m e n t  i s  c a l l e d  a dynamometer. The h and le  i s  a d j u s t ­
a b le  to  f i t  a l l  s i z e  hands. F ind  your s e t t i n g  by tu rn in g  the  
handle  c lockw ise  o r  c o u n te r -c lo c k w ise  u n t i l  i t  i s  co m fo rtab le  
and g iv e s  you b e s t  r e s u l t s .  You a r e  to  reco rd  t h i s  s e t t i n g  on 
your d a ta  c a rd  in  th e  p la c e  p ro v id ed . You w i l l  u se  the  same 
s e t t i n g  th roughou t the  e n t i r e  sem es te r .  The h a n d -g r ip  t e s t  
w i l l  be tak en  from a s ta n d in g  p o s i t i o n  le a n in g  over the  t a b l e .  
The dynomometer w i l l  be a d ju s te d  to  your s e t t i n g  and p laced  in  
th e  h o ld in g  d e v ic e .  You w i l l  then  g r ip  th e  dynomometer w ith  
your dominant hand g iv in g  a maximum e f f o r t  w h ile  keep ing  the  
elbow o f  th e  dominant arm f l a t  a g a in s t  th e  arm r e s t  o f  the  
h o ld in g  d e v ic e .  The d i a l  o f  th e  h a n d -g r ip  dynomometer i s  
c a l i b r a t e d  in  k ilog ram s from zero  to  one hundred. A f te r  each 
o f  th e  two t r i a l s ,  your s co re s  w i l l  be  reco rd ed  in  the  two 
b lanks  n ex t  to  HG, the  a b b r e c ia t io n  f o r  h a n d -g r ip .
Concluding th e  O r ie n ta t io n  P e riod
The rem ainder o f  the  second c l a s s  p e r io d  was u sed  f o r  s u b je c t s
to  p r a c t i c e  t e s t s  and to  t r a i n  a s s i s t a n t  t e s t e r s  and s c o r e r s .
S u b je c t s '  d a ta  c a rd s  were checked b e fo re  d i s m is s a l  and th e y  were 
reminded w hether they  were to  be t e s t e d  " b e fo re "  c l a s s  o r  " a f t e r "  
c l a s s .  I t  was e x p la in ed  to  the  s u b je c t s  t h a t  they  were a llow ed to  
take  t e s t s  in  any o rd e r  to  e x p e d i te  t e s t i n g .  S u b je c ts  were f u r t h e r  
i n s t r u c t e d  t h a t  they  should  a t te m p t  to  do t h e i r  b e s t  on ev ery  t r i a l
th roughou t th e  s tu d y  and should  n o t  be concerned w i th  p a s t
perform ances . In  a d d i t i o n ,  emphasis was p laced  on th e  f a c t  t h a t  good 
a t te n d an c e  was im p e ra t iv e  to  th e  su cc e ss  o f  th e  ex per im en t.  I t  was 
a l s o  s t r e s s e d  th a t  t e s t i n g  had to  tak e  p la c e  a t  a c e r t a i n  tim e; thus  
make-up t e s t i n g  was o u t  o f  th e  q u e s t io n .  From th e  t h i r d  c l a s s  meeting 
u n t i l  the  end o f  the  s em e s te r ,  t e s t i n g  took p la c e  a t  th e  b eg inn ing  
and end o f  every  c l a s s  m eeting .
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STATISTICAL ANALYSIS
The d a t a  f o r  th e  s tu d y  were perform ance  s c o re s  on two 
v a r i a b l e s ,  r e s p o n se  tim e and h a n d -g r ip  s t r e n g t h .  The s t a t i s t i c a l  
a n a l y s i s  d e a l t  w i th  each  s u b j e c t  i n d i v i d u a l l y  i n  b o th  v a r i a b l e s .  In  
th e  i n i t i a l  p ro c e d u re ,  a one-way a n a l y s i s  o f  v a r ia n c e  was perform ed  
to  d e te rm in e  s i g n i f i c a n t  d i f f e r e n c e s  in  d a i l y  pe rfo rm ance. Non­
s i g n i f i c a n c e  o f  a v a r i a b l e  te rm in a te d  f u r t h e r  s t a t i s t i c a l  a n a l y s i s .  
However, i f  th e  a n a l y s i s  o f  v a r ia n c e  proved s i g n i f i c a n t ,  th e  d a ta  
w ere  p l o t t e d .
The d a ta  were p l o t t e d  to  a s c e r t a i n  i f  th e  s i g n i f i c a n c e  o f  th e  
a n a l y s i s  o f  v a r ia n c e  was accoun ted  f o r  by a c u rv e  i n  the  d a t a .  This 
segment o f  th e  s t a t i s t i c a l  a n a l y s i s  p r e s e n te d  t h r e e  p o s s i b i l i t i e s :
(1) I f  a long  term  cu rv e  was i n d i c a t e d  i t  may have been p a r t  o f  a 
c y c le  o r  m erely  a long  te rm  t r e n d  w i th  a c y c le  around  th e  t r e n d  c u rv e ,  
thus  th e  s t a t i s t i c a l  a n a l y s i s  was te rm in a te d ;  (2) I f  s c a t t e r i n g  o f  
p o in t s  appeared  i n  th e  p a t t e r n  o f  th e  p l o t t e d  d a t a ,  a harmonic 
a n a l y s i s  was ru n  on th e  d a t a ,  and (3) I f  a long  te rm  l i n e a r  t r e n d  was 
i n d i c a t e d ,  a d d i t i o n a l  s t a t i s t i c a l  p ro c e d u re s  were c o n t in u e d .  This  
in v o lv e d  an a n a l y s i s  o f  v a r ia n c e  w i th  l i n e a r  r e g r e s s i o n  to  d e te rm in e  
th e  s i g n i f i c a n c e  o f  th e  l i n e a r  t r e n d  and th e  l a c k  o f  f i t .  I f  th e  
l i n e a r  r e g r e s s i o n  was s i g n i f i c a n t ,  b u t  th e  l a c k  o f  f i t  n o n - s i g n i f i c a n t ,  
f u r t h e r  a n a l y s i s  was h a l t e d ,  i n d i c a t i n g  t h a t  th e  s i g n i f i c a n c e  i n  th e  
a n a l y s i s  o f  v a r i a n c e  may have been s im p ly  due to  long  term  l e a r n i n g .  
However, i f  b o th  l i n e a r  r e g r e s s i o n  and l a c k  o f  f i t  were s i g n i f i c a n t ,  
th e  r e s i d u a l s  were  p l o t t e d  to  d e te rm in e  i f  t h e r e  was c y c l in g  around 
th e  t r e n d  l i n e .  A harmonic a n a l y s i s  was ru n  on th e  r e s i d u a l s .  The
d a ta  a llow ed  measurement o f  th e  c o n t r i b u t i o n  to  th e  mean sq u a re  f o r  
s ix  harm onics w i th  c y c le  le n g th s  o f  98, 49 , 32, 24, 19 and 16 days 
r e s p e c t i v e l y  ( s e e  Appendixes B and C ). The harm onic v a lu e  w ith  the  
g r e a t e s t  c o n t r i b u t i o n  to  the  mean sq u are  was d e s ig n a te d  a s  the  
harm onic p e rc e n ta g e  y i e ld in g  th e  c y c le  l e n g th .
C h ap te r  4 
PRESENTATION AND ANALYSIS OF DATA
The d a ta  o b ta in e d  i n  t h i s  i n v e s t i g a t i o n  w ere  s t a t i s t i c a l l y  
a n a ly zed  to  d e te rm in e  w h e th e r  s i g n i f i c a n t  m e d ia l  a n d /o r  low f re q u e n c y  
ran g e  c y c l i c  rhythm s e x i s t e d  i n  th e  perfo rm an ce  o f  a r e s p o n s e  tim e  
t a s k  and a h a n d -g r ip  s t r e n g t h  t a s k  i n  m ales  and fe m a le s .  The i n i t i a l  
number o f  c o l l e g e  age s u b j e c t s  was e i g h t y - e i g h t  ( t h i r t y - n i n e  males 
and f o r t y - n i n e  f e m a le s ) .  F o r  s t a t i s t i c a l  p u rp o se s  i t  was n e c e s s a r y  
to  d e l i m i t  th e  o r i g i n a l  s u b j e c t  number to  th o s e  s u b j e c t s  who had 
a t t e n d e d  a l l  t e s t i n g  s e s s i o n s .  T w en ty -s ix  s u b j e c t s  ( f o u r t e e n  m ales  
and tw e lve  fem a le s )  s a t i s f i e d  th e  re q u i r e m e n t  o f  e q u a l l y  spaced  tim e 
i n t e r v a l s  in  d a t a  c o l l e c t i o n  n e c e s s a r y  to  p e r fo rm  th e  harm onic 
a n a l y s i s .
The d e s ig n  o f  th e  s t a t i s t i c a l  a n a l y s i s  c o n s i s t e d  o f  a n a l y s i s  
o f  v a r i a n c e  w i th  l e a s t  s q u a r e s  c u rv e  f i t t i n g  encom passing  l i n e a r  
r e g r e s s i o n  and harm onic  a n a l y s i s .
ANALYSIS OF PERFORMANCE SCORES ON 
RESPONSE TIME AND HAND-GRIP STRENGTH 
IN MALE AND FEMALE SUBJECTS
In  th e  f o l lo w in g  t a b l e s  harm onic  a n a l y s i s  rows a r e  a r r a n g e d  
v e r t i c a l l y  to  show th e  c y c l e  le n g th  c o r r e s p o n d in g  to  th e  harm onic 
v a lu e  w i th  the  g r e a t e s t  c o n t r i b u t i o n  to  th e  mean s q u a r e .  A hyphen 
a p p e a r in g  in  th e  t a b l e s  i n d i c a t e s  t h a t  a n a l y s i s  was n o t  p e rfo rm ed .
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In  a d d i t i o n ,  th e  s ig n i f i c a n c e  l e v e l  f o r  a l l  t e s t s  was th e  .05 l e v e l  
o f  p r o b a b i l i t y .
The r e s u l t s  o f  th e  a n a ly s i s  o f  v a r ia n c e ,  l i n e a r  r e g r e s s io n ,  
la c k  o f  f i t ,  and harmonic a n a ly s i s  in  male s u b je c t s  f o r  response  time 
a r e  p re s e n te d  in  Table 1. S u b je c ts  one, t h r e e ,  f i v e ,  t e n ,  tw elve, 
t h i r t e e n ,  and f o u r te e n  e x h ib i te d  s ig n i f i c a n c e  in  t e s t s  o f  a n a ly s i s  o f  
v a r i a n c e ,  l i n e a r  r e g r e s s io n ,  and la c k  o f  f i t .  A harmonic a n a ly s i s  
was ru n  on the  r e s i d u a l s .  The harmonic w i th  the  g r e a t e s t  c o n t r i b u t io n  
to  th e  mean sq u are  re v e a le d  c y c le  le n g th s  o f  98 days f o r  s u b je c t  te n ,  
49 days f o r  s u b je c t  one, 32 days f o r  s u b je c t  t h i r t e e n ,  and 24 days 
f o r  s u b je c t s  t h r e e ,  tw e lv e ,  and fo u r te e n .  For s u b je c t s  f o u r ,  s i x ,  
sev en , and e i g h t ,  s i g n i f i c a n c e  was found on ly  in  th e  a n a l y s i s  of 
v a r ia n c e ;  th u s ,  th e  s t a t i s t i c a l  a n a ly s i s  was te rm in a te d  a t  t h i s  p o in t .  
S u b je c t  e lev en  a l s o  showed s ig n i f i c a n c e  in  j u s t  th e  a n a l y s i s  o f  
v a r ia n c e  t e s t .  However, because  s u b je c t  e lev e n  showed a s c a t t e r i n g  
o f  p l o t t e d  d a ta  i n d i c a t i n g  no long term  t re n d  a harmonic a n a ly s i s  
was run  on th e  d a t a .  The harmonic w i th  the  g r e a t e s t  c o n t r i b u t io n  to  
th e  mean square  y ie ld e d  a c y c le  le n g th  o f  32 days f o r  s u b je c t  e lev en . 
S u b je c ts  two and n in e  had t e s t s  o f  s ig n i f i c a n c e  in  a n a ly s i s  of 
v a r ia n c e  and l i n e a r  r e g r e s s io n .  Lack o f  f i t  was n o t  s i g n i f i c a n t  in  
th e se  two s u b j e c t s ,  which c o n c lu d e d ! f u r th e r  s t a t i s t i c a l ' a n a l y s i s .
Shown in  Table 2 a r e  th e  r e s u l t s  from a n a ly s i s  o f  v a r ia n c e ,  
l i n e a r  r e g r e s s io n ,  la c k  o f  f i t ,  and harmonic a n a ly s i s  f o r  male s u b je c t s  
in  h a n d -g r ip  s t r e n g t h .  S u b je c ts  one, t h r e e ,  f o u r ,  and fo u r te e n  were 
s i g n i f i c a n t  i n  t e s t s  on a n a ly s i s  o f  v a r ia n c e  and l i n e a r  r e g r e s s io n ,  
b u t  f a i l e d  s ig n i f i c a n c e  in  th e  la ck  o f  f i t  t e s t s .  T h e re fo re ,  f u r t h e r
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T able  1
Summary o f  R e su lts  o f  A n a ly s is  o f  V ariance,
L inear R eg ress io n , Lack o f  F i t ,  and Harmonic
A n a ly s is  fo r  Response Time in  Male S u b jects
S u b je c t 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Anova S S S S S S S S S s s S S s
L in e a r  R e g re s s io n S S S - S - - - S s - s S S
Lack o f  F i t S NS S - S - - - NS s - S S S
Harmonic A n a ly s is 49 - 24 - 19 - - - - 98 32 24 32 24
(S) S i g n i f i c a n t  
(NS) Not S i g n i f i c a n t  
( - )  No A n a ly s is
s t a t i s t i c a l  a n a l y s i s  was t e r m in a t e d .  S u b je c t s  two, s e v e n ,  t e n  and 
t h i r t e e n  w ere  s i g n i f i c a n t  in  o n ly  th e  t e s t  on a n a l y s i s  o f  v a r i a n c e .  
F u r th e r  s t a t i s t i c a l  a n a l y s i s  was h a l t e d  a t  t h i s  p o i n t .  S u b je c t s  f i v e ,  
s i x ,  e i g h t ,  n in e ,  e le v e n ,  and tw e lv e  had s i g n i f i c a n t  t e s t s  on 
a n a l y s i s  o f  v a r i a n c e ,  l i n e a r  r e g r e s s i o n ,  and l a c k  o f  f i t .  A harm onic 
a n a l y s i s  was ru n  on th e  r e s i d u a l s .  The harm on ic  w i th  th e  g r e a t e s t  
c o n t r i b u t i o n  to  th e  mean s q u a r e  p r o j e c t e d  c y c l e  l e n g th s  o f  98 days 
f o r  s u b j e c t s  e i g h t  and n i n e ,  24 days f o r  s u b j e c t s  f i v e  and s i x ,  and 
19 days f o r  s u b j e c t s  e l e v e n  and  tw e lv e .
The r e s u l t  o f  a n a l y s i s  o f  v a r i a n c e ,  l i n e a r  r e g r e s s i o n ,  la c k  
o f  f i t ,  a n d  h a r m o n i c  a n a l y s i s  i n  f e m a l e  s u b j e c t s  f o r  
r e s p o n s e  tim e i s  p r e s e n te d  i n  T ab le  3 . S u b je c t s  one and t h r e e  had 
t e s t s  o f  s i g n i f i c a n c e  i n  a n a l y s i s  o f  v a r i a n c e  and l i n e a r  r e g r e s s i o n .  




Summary o f R esu lts o f A n alysis  o f  V ariance,
L inear R egression , Lack o f  F i t ,  and Harmonic
A nalysis for  Hand-Grip Strength  in  Male S u bjects
S u b jec t 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Anova S S S S S S S S S S s S S S
L in e a r  R egress ion S - S S S S - S S - s S - S
Lack o f  F i t NS - NS NS s S - S S - s S - NS
Harmonic A n a ly s is - - - - 24 24 - 98 98 - 19 19 - -
(S) S i g n i f i c a n t  
(NS) Not S i g n i f i c a n t  
( - )  No A na lysis
s t a t i s t i c a l  a n a ly s i s  was te rm in a te d .  S u b je c ts  two, f o u r ,  f i v e ,  e ig h t ,  
and n in e  showed s ig n i f i c a n c e  in  on ly  th e  t e s t  on a n a l y s i s  o f  v a r ia n c e .  
F u r th e r  s t a t i s t i c a l  a n a ly s i s  ceased  on th e  d a ta  o f  th e se  f iv e  s u b je c t s .  
S u b je c ts  s i x ,  seven , te n ,  and e lev en  had t e s t s  o f  s ig n i f i c a n c e  in  
a n a ly s i s  o f  v a r ia n c e ,  l i n e a r  r e g r e s s io n ,  and la ck  o f  f i t .  A harmonic 
a n a ly s i s  was run  on th e  r e s i d u a l s .  The harmonic w i th  th e  g r e a t e s t  
c o n t r i b u t io n  to  th e  mean square  re v e a le d  a 98 day c y c le  le n g th  f o r  
s u b je c t s  s ix  and te n .  S u b je c t  e l e v e n 's  c y c le  le n g th  was p ro je c te d  a t  
32 days , and s u b je c t  seven had a 24 day c y c le  l e n g th .  Harmonic va lue  
fo r  s u b je c t  tw e lv e ,  as f o r  s u b je c t s  two, fo u r ,  f i v e ,  e i g h t ,  and nine 
was s i g n i f i c a n t  in  on ly  the  a n a ly s i s  o f  v a r ia n c e  t e s t .  However, 
because s u b je c t  tw elve showed a s c a t t e r i n g  o f  p l o t t e d  d a ta  i n d i c a t in g  
no long term tre n d  a harmonic a n a ly s i s  was run  on th e  d a ta .  The 
harmonic w ith  the  g r e a t e s t  c o n t r ib u t io n  to  the  mean square  y ie ld e d  a 
24 day c y c le  le n g th  fo r  s u b je c t  tw elve .
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T ab le  3
Summary o f  R e su lts  o f  A n a ly s is  o f  V arian ce,
L in ea r  R eg ress io n , Lack o f  F i t ,  and Harmonic
A n a ly s is  fo r  Response Time in  Female S u b jec ts
S u b je c t 1 2 3 4 5 6 7 8 9 10 11 12
Anova S S S S S S S S S s S S
L in e a r  R e g r e s s io n S - S - - S S - - s S -
Lack o f  F i t NS - NS - - S S - - s S -
Harmonic A n a ly s is 98 24 - - 98 32 24 •
(S) S i g n i f i c a n t  
(NS) Not S i g n i f i c a n t  
( - )  No A n a ly s is
P r e s e n te d  in  T ab le  4 a r e  th e  r e s u l t s  o f  th e  a n a l y s i s  o f  
v a r i a n c e ,  l i n e a r  r e g r e s s i o n ,  l a c k  o f  f i t ,  and harm onic  a n a l y s i s  f o r  
fem a le  h a n d - g r ip  s t r e n g t h .  S u b je c t  o n e ' s  t e s t  o f  a n a l y s i s  o f  
v a r i a n c e  was th e  o n ly  s t a t i s t i c a l  a n a l y s i s  t h a t  was found t o  be 
s i g n i f i c a n t  f o r  t h a t  s u b j e c t .  S u b je c t  o n e ,  a s  w i th  s u b j e c t  e le v e n  in  
T ab le  1 and s u b j e c t  tw e lv e  i n  T ab le  3 ,  showed a  s c a t t e r i n g  o f  p l o t t e d  
d a t a  i n d i c a t i n g  no lo n g  te rm  t r e n d .  A harm onic  a n a l y s i s  was ru n  on 
th e  d a t a .  The harm onic  w i th  th e  g r e a t e s t  c o n t r i b u t i o n  to  th e  mean 
s q u a re  r e v e a l e d  a  98 day c y c le  l e n g th  f o r  s u b j e c t  o n e .  S u b je c t s  two, 
t h r e e ,  s i x ,  s e v e n ,  n i n e ,  and e le v e n  had  t e s t s  o f  s i g n i f i c a n c e  in  
a n a l y s i s  o f  v a r i a n c e ,  l i n e a r  r e g r e s s i o n ,  and l a c k  o f  f i t .  A harm onic 
a n a l y s i s  was computed w i th  th e  r e s i d u a l s .  The harm onic  w i th  th e  
g r e a t e s t  c o n t r i b u t i o n  t o  t h e  mean s q u a r e  y i e ld e d  c y c l e  l e n g th s  o f 98 
days fo r  s u b j e c t s  n in e  and e l e v e n ,  49 day s  f o r  s u b j e c t s  s i x  and s ev e n ,  
and 32 days f o r  s u b j e c t s  two and t h r e e .  S u b je c t s  f o u r ,  f i v e ,  e i g h t ,
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t e n  and tw e lve  showed s i g n i f i c a n c e  in  on ly  th e  t e s t  f o r  a n a ly s i s  o f  
v a r ia n c e ;  t h u s ,  th e  s t a t i s t i c a l  a n a ly s i s  was te rm in a te d .
Table  4
Summary o f  R e s u l t s  o f  A n a ly s is  o f  V a r ia n ce ,  
L in e a r  R e g re s s io n ,  Lack o f  F i t ,  and Harmonic 
A n a ly s is  f o r  Hand-Grip- S t r e n g th  i n  Female S u b je c ts
S u b je c t 1 2 3 4 5 6 7 8 9 10 11 12
Anova S S S S S S S S S S S S
L in e a r  R eg ress io n - S S - - S S - S - s -
Lack o f  F i t - s S - - S S - S - s -
Harmonic A n a ly s is 98 32 32 - - 49 49 - 98 - 98 -
(S) S i g n i f i c a n t  
(NS) Not S i g n i f i c a n t  





The purpose  o f  the  s tu d y  was to  t e s t  c o l l e g e  age males and 
fem ales i n  a  re sp o n se  time t a s k  and a h a n d -g r ip  s t r e n g t h  t a s k  th r e e  
tim es a week over a f o u r t e e n  week p e r io d  and to  d e te rm in e  w he ther 
m edial a n d /o r  low f req u en cy  ra n g e  c y c le s  e x i s t e d .  The two ta sk s  
inv o lv ed  n in e  t r i a l s  in  re s p o n se  time and two t r i a l s  i n  h a n d -g r ip  
s t r e n g t h  on Monday, W ednesday, and F r id a y  o f  each  week. Response 
tim e was t e s t e d  by m easuring  th e  tim e r e q u i r e d  to  r e a c t  to  a l i g h t  
s t im u lu s  and ex tend  th e  dominant hand i n  a fo rw ard  d i r e c t i o n  a 
d i s t a n c e  o f  one f o o t  in  a h o r i z o n t a l  p la n e .  The tim e i n t e r v a l s  
between p r e p a r a t o r y  command and p r e s e n t a t i o n  o f  th e  l i g h t  s t im u lu s  
v a r ie d  f o r  each  t r i a l  and th e  sequence p a t t e r n  changed each  week 
th ro u g h o u t th e  s tu d y .  H and-g rip  s t r e n g t h  was measured w i th  a dynamo­
m eter w i th  a s c rew -ty p e  a d j u s t a b l e  h a n d le .  A wooden h o ld in g  d e v ice  
was c o n s t r u c te d  f o r  th e  dynamometer to  i n s u r e  s t a n d a r d i z a t i o n  o f  th e  
h a n d -g r ip  p ro c e d u re .
The o r i g i n a l  number o f  s u b j e c t s  f o r  t h i s  i n v e s t i g a t i o n  was 
e i g h t y - e i g h t  s tu d e n t s  ( t h i r t y - n i n e  males and f o r t y - n i n e  fem a les )  
e n r o l l e d  i n  t h r e e  p h y s ic a l  e d u c a t io n  a c t i v i t y  c o u rs e s  (two badm inton 
s e c t i o n s  and one t e n n i s  s e c t i o n )  a t  th e  U n iv e r s i t y  o f  S ou thw estern  
L o u is ia n a  i n  L a f a y e t t e ,  L o u i s ia n a .  For s t a t i s t i c a l  pu rposes  on ly
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d a ta  f o r  th o se  s u b j e c t s  w i th  p e r f e c t  a t te n d a n c e  r e c o rd s  were used  in  
th e  f i n a l  a n a l y s i s  o f  d a t a .  T w enty -s ix  s u b je c t s  ( f o u r te e n  males and 
tw elve fem a le s )  s a t i s f i e d  th e  re q u ire m e n t  o f  e q u a l ly  spaced time 
i n t e r v a l s  i n  d a ta  c o l l e c t i o n  n e c e s s a ry  to  pe rfo rm  the  needed 
s t a t i s t i c a l  a n a l y s i s .
The d e s ig n  o f  the  s t a t i s t i c a l  a n a ly s i s  f o r  the  c o l l e c t e d  d a ta  
c o n s i s t e d  o f  a n a l y s i s  o f  v a r ia n c e  w i th  l e a s t  sq u a re s  cu rve  f i t t i n g  
encom passing l i n e a r  r e g r e s s i o n  and harm onic a n a l y s i s .
FINDINGS
The f in d in g s  in  t h i s  s tu d y  were as  fo l lo w s :
1. In  re sp o n se  tim e a l l  s u b j e c t s  showed s i g n i f i c a n t
d i f f e r e n c e s  i n  mean perfo rm ance  s c o r e s  th ro u g h o u t  th e  f o u r te e n  week 
p e r io d  o f  th e  s tu d y .
2. Improvement in  f i f t e e n  o f  tw e n ty - s ix  s u b je c t s  in  re sp o n se
time s c o r e s  was l i n e a r .  F u r th erm o re ,  i n  fo u r  o f  th e  f i f t e e n  s u b j e c t s ,
th e  l i n e a r  r e g r e s s i o n  ap p ea red  to  a cc o u n t  f o r  n e a r l y  a l l  o f  the  
s i g n i f i c a n c e  i n  th e  a n a l y s i s  o f  v a r i a n c e .  Data c o l l e c t e d  from n i n e  
o f  t w e n t y - s i x  s u b j e c t s  i n  b o t h  t a s k s  s h o w e d  e v i d e n c e  
c u rv e s .  W hether th e  cu rv e s  were phases  o f  c y c le s  o r  l e a r n in g  cu rv es  
was n o t  known. A c c o rd in g ly ,  because  o f  th e  p o s s i b i l i t y  o f  m i s i n t e r ­
p r e t a t i o n  th e  d a ta  were n o t  s u b je c te d  to  harmonic a n a l y s i s .
3. Response tim e s c o r e s  f o r  t h i r t e e n  s u b je c t s  underw ent a 
harmonic a n a l y s i s .  E ig h t  o f  th e  s u b j e c t s  were m ales and f i v e  were 
fe m a les .  Two s u b j e c t s ’ s c o r e s  la ck ed  a t r e n d  i n  th e  d a t a ,  b u t  had a 
s i g n i f i c a n t  a n a l y s i s  o f  v a r i a n c e .  The rem ain ing  e le v e n  s u b j e c t s '
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s c o re s  had a s i g n i f i c a n t  la c k  o f  f i t  t h a t  r e s u l t e d  from the l i n e a r  
r e g r e s s i o n .
4 . In  re sp o n se  tim e th e  harmonic a n a l y s i s  f a i l e d  to  show any 
dominant c y c le  le n g th  in  male and fem ale  s u b j e c t s .  Cycle le n g th s  fo r  
male s u b j e c t s  ranged from 19 to  98 d ay s .  There was one 19 day c y c l e ,  
t h r e e  24 day c y c l e s ,  two 32 day c y c l e s ,  one 49 day c y c le ,  and one 98 
day c y c l e .  Cycle l e n g th s  f o r  fem ale  s u b je c t s  ranged  from 24 to  98 
days f o r  re sp o n se  tim e perfo rm ance. The d i f f e r e n t  c y c le  l e n g th s  w ere: 
two 24 day  c y c l e s ,  one 32 day c y c le ,  and two 98 day c y c le s .
5. In  h a n d -g r ip  s t r e n g t h  a l l  s u b je c t s  showed s i g n i f i c a n t  
d i f f e r e n c e s  in mean perform ance s c o r e s  th roughou t th e  fo u r t e e n  week 
p e r io d  o f  th e  s tu d y .
6 . Improvement i n  s ix t e e n  o f  tw e n ty -s ix  s u b j e c t s  in  h a n d -g r ip  
s t r e n g t h  s c o r e s  was d e s c r ib e d  by a l i n e a r  t r e n d .  F u r th e rm o re ,  in  fo u r  
o f  the  s i x t e e n  s u b je c t s  th e  l i n e a r  r e g r e s s io n  appeared  to  acco u n t fo r  
th e  s i g n i f i c a n c e  in  th e  a n a ly s i s  o f  v a r i a n c e .  D ata c o l l e c t e d  from 
n i n e  o f  tw e n ty - s ix  s u b je c t s  i n  b o th  t a s k s  showed ev idence  o f  g ra d u a l  
c u rv e s .  Whether th e  c u rv e s  were phases  o f  c y c le s  o r  l e a r n in g  cu rv es  
was n o t  known. A c co rd in g ly ,  because  o f  th e  p o s s i b i l i t i e s  o f  
m i s i n t e r p r e t a t i o n  th e  d a ta  were n o t  s u b je c te d  to  harmonic a n a l y s i s .
7. H and-g rip  s t r e n g t h  s c o re s  f o r  t h i r t e e n  s u b je c t s  underw ent 
a harm onic a n a l y s i s .  S ix  o f  th e  s u b j e c t s  were m ales and seven were 
fe m a les .  One s u b j e c t ’ s s c o re s  lack ed  a  t r e n d  i n  th e  d a ta ,  b u t  had a 
s i g n i f i c a n t  a n a l y s i s  o f  v a r i a n c e .  The rem ain ing  tw elve  s u b j e c t s ’ 
s c o r e s  had a  s i g n i f i c a n t  la c k  o f f i t  t h a t  r e s u l t e d  from the  l i n e a r  
r e g r e s s i o n .
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8. I n  h a n d - g r ip  s t r e n g t h  th e  harm onic  a n a l y s i s  f a i l e d  to  
show a dom inant c y c le  l e n g th  i n  male and fem ale  s u b j e c t s .  Cycle 
l e n g th s  f o r  male s u b j e c t s  ran g ed  from  19 to  98 d ay s .  T here  were 
two 19 day c y c l e s ,  two 24 day c y c l e s ,  and two 98 day c y c l e s .  Hand­
g r ip  s t r e n g t h  c y c le  l e n g th s  f o r  fem ale  s u b j e c t s  ra n g e d  from 32 to  98 
days a s  f o l lo w s :  two 32 day c y c l e s ;  two 49 day c y c l e s ;  and t h r e e  98
day c y c l e s .
DISCUSSION OF FINDINGS
I n  re s p o n s e  tim e  a l l  tw e n ty - s ix  s u b j e c t s  showed s i g n i f i c a n t  
d i f f e r e n c e s  in  mean d a i l y  r e s p o n s e s .  I t  was e x p e c te d  t h a t  l e a r n i n g  
would o c c u r  o v e r  th e  e x p e r im e n ta l  p e r io d .  However, when mean d a i l y  
r e s p o n s e  t im e s  w ere  p l o t t e d ,  t h r e e  g e n e r a l  p a t t e r n  ty p e s  w ere  a p p a r e n t  
i n  th e  p l o t t e d  d a t a .  One p a t t e r n  showed no d i s t i n g u i s h a b l e  l e a r n i n g  
t r e n d s  in  two o f  th e  s u b j e c t s .  The second p a t t e r n  i n  th e  p l o t t e d  
d a t a  r e f l e c t e d  a  l i n e a r  l e a r n i n g  t r e n d  w i th  a  sm a ll  n e g a t i v e  s lo p e ,  
i n d i c a t i n g  g ra d u a l  improvement i n  r e s p o n s e  t im e  f o r  th e  l e n g th  o f  th e  
e x p e r im e n ta l  p e r io d .  T h is  t r e n d  ap p ea re d  in  f i f t e e n  s u b j e c t s ,  
i n d i c a t i n g  improvement ( lo w e r  tim e s c o r e s )  i n  r e s p o n s e  tim e th ro u g h o u t  
th e  d u r a t i o n  o f  th e  d a ta  c o l l e c t i o n .  The t h i r d  g ra d u a l  p a t t e r n  i n  th e  
p l o t t e d  d a ta  ev id en c e d  th e  e x p e c te d  s h o r t  l e a r n i n g  p e r io d .  However, a 
g r a d u a l  c u rv e  i n  t h e  p l o t t e d  d a ta  was n o te d  i n  th e  p l o t s  o f  n in e  
s u b j e c t s .  W hether th e  c u rv e s  w ere  p h a se s  o f  c y c l e s  o r  l e a r n i n g  
c u rv e s  was n o t  known. A c c o rd in g ly ,  b ecau se  o f  th e  p o s s i b i l i t y  o f  
m i s i n t e r p r e t a t i o n  t h e  d a t a  w ere  n o t  s u b j e c t e d  to  harm onic  a n a l y s i s .
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F u r th e r  s tu d y  was n e c e s s a r y  t o  o b t a i n  a p a t t e r n  t h a t  c o u ld  
a c c o u n t  f o r  th e  s i g n i f i c a n c e  i n  a n a l y s i s  o f  v a r i a n c e  in  the  s e v e n te e n  
s u b j e c t s  who e i t h e r  f a i l e d  t o  show a l e a r n i n g  t r e n d ,  o r  who had  a 
l i n e a r  t r e n d  w i th  a  sm a l l  n e g a t i v e  s lo p e .  The l i n e a r  l e a r n i n g  t r e n d  
in  fo u r  o u t  o f  f i f t e e n  s u b j e c t s  seemed to  a c c o u n t  f o r  th e  s i g n i f i c a n c e  
i n  th e  a n a l y s i s  o f  v a r i a n c e .  A harm onic  a n a l y s i s  was ru n  on t h i r t e e n  
s u b j e c t s .  The harm onic  r e s u l t s  i n d i c a t e d  t h a t  no c y c le  l e n g th  was 
dom inant in  male o r  fem ale  s u b j e c t s .  C ycle  l e n g t h s  f o r  th e  t h i r t e e n  
s u b j e c t s  ran g ed  from  19 to  98 d a y s .  W hile  no one c y c l e  l e n g th  ap p ea red  
to  be  d o m inan t,  i t  i s  i n t e r e s t i n g  to  n o t e  t h a t  e i g h t  o f  th e  t h i r t e e n  
( f i v e  o u t  o f  e i g h t  m ales  and t h r e e  o u t  o f  f i v e  fe m a le s )  f e l l  i n  th e  
24 and 32 day r a n g e s .
S i g n i f i c a n t  d i f f e r e n c e s  i n  mean d a i l y  r e s p o n s e s  in  h a n d - g r ip  
s t r e n g t h  w ere  found i n  th e  tw e n ty - s ix  s u b j e c t s  o v e r  th e  f o u r t e e n  week 
p e r i o d .  The same t h r e e  g e n e r a l  p a t t e r n s  were s ee n  in  th e  p l o t t e d  
d a ta  f o r  h a n d - g r ip  s t r e n g t h  t h a t  were found i n  r e s p o n s e  t im e .  One 
g e n e r a l  p a t t e r n  showed a s c a t t e r i n g  o f  s c o r e s  i n d i c a t i n g  no l e a r n i n g  
t r e n d  i n  one s u b j e c t  i n  h a n d - g r ip  s t r e n g t h .  I n  th e  second p a t t e r n ,  
s i x t e e n  s u b j e c t s  showed a l i n e a r  l e a r n i n g  t r e n d  w i th  a sm a l l  p o s i t i v e  
s lo p e ,  i n d i c a t i n g  t h a t  th e s e  s u b j e c t s  had c o n t in u e d  to  improve 
th ro u g h o u t  th e  f o u r t e e n  weeks o f  d a t a  c o l l e c t i o n .  The p a t t e r n  o f  n in e  
o f  th e  s u b j e c t s  r e v e a l e d  c o n t in u o u s  improvement o v e r  th e  p e r io d  o f 
t im e .  However, a s  was th e  c a s e  i n  re s p o n s e  t im e ,  th e  n in e  p l o t s  had 
g ra d u a l  c u r v e s .  W hether th e  c u rv e s  w ere  p h a se s  o f  c y c l e s  o r  l e a r n i n g  
c u rv e s  was n o t  known. A c c o rd in g ly ,  b eca u se  o f  th e  p o s s i b i l i t y  o f  
m i s i n t e r p r e t a t i o n  th e  d a t a  w ere  n o t  s u b j e c t e d  to  harm onic  a n a l y s i s .
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The l i n e a r  l e a r n i n g  t r e n d  i n  fo u r  o u t  o f  s i x t e e n  s u b j e c t s  seemed to  
acc o u n t  f o r  th e  s i g n i f i c a n c e  in  th e  a n a l y s i s  o f  v a r i a n c e .
S i g n i f i c a n t  d e v i a t i o n  from l i n e a r i t y  ap p ea re d  in  t h i r t e e n  s u b j e c t s .
A harm onic a n a l y s i s  was ru n  on th e  t h i r t e e n  s u b j e c t s .  The r e s u l t s  o f  
th e  harm onic  y i e ld e d  th e  same f i n d i n g s  a s  w i th  re s p o n s e  tim e 
p e r fo rm an ce , in  t h a t  no one c y c le  l e n g t h  was d e te rm in e d  t o  be  dom inant 
i n  h a n d - g r ip  s t r e n g t h  f o r  male and fem a le  s u b j e c t s .  C ycle  l e n g th s  
f o r  th e  t h i r t e e n  s u b j e c t s  a l s o  ra n g e d  from 19 to  98 d a y s .  S ix te e n  
day c y c l e s  w ere  n o t  found i n  e i t h e r  r e s p o n se  tim e  o r  h a n d -g r ip  
s t r e n g t h .  D i f f e r e n c e s  among th e  s e x e s  i n  h a n d - g r ip  s t r e n g t h  c y c le s  
were  e v i d e n t .  Male s u b j e c t s  had s h o r t e r  c y c l e  l e n g th s  w i th  fo u r  o u t  
o f  s i x  c y c le s  f a l l i n g  i n  t h e  19 and 24 day  r a n g e s .  On th e  o t h e r  h and , 
fem ale  s u b j e c t s  p r o j e c t e d  lo n g e r  c y c l e  l e n g t h s .  A l l  sev en  fem ale  
c y c le s  were found i n  th e  32 , 49 , and 98 day c y c l e  l e n g t h s .
The d e s ig n  o f  b i o l o g i c a l  rhy thm  s t u d i e s  i n v e s t i g a t i n g  c y c le  
l e n g th s  i n  human m otor pe rfo rm ance  sh o u ld  r e f l e c t  and r e c o g n iz e  th e  
a d v an tag e  o f  d a ta  c o l l e c t i o n  over e q u a l l y  spaced  tim e  i n t e r v a l s .  
C o l l e c t i o n  o f  d a t a  i n  t h i s  f a s h io n  e x p e d i t e s  s t a t i s t i c a l  p ro c e d u re s .  
T h is  i s  p a r t i c u l a r l y  t r u e  when a  harm onic  a n a l y s i s  i s  u s e d .  Harmonic 
a n a l y s i s  may be u sed  even  though t h e r e  a r e  m is s in g  d a t a ,  b u t  o n ly  i f  
th e  m is s in g  d a ta  a r e  h e ld  c o n s t a n t  be tw een  th e  e q u a l l y  spaced  i n t e r v a l s  
o f  d a ta  c o l l e c t i o n .  I n  a d d i t i o n ,  d a t a  c o l l e c t i o n  sh o u ld  be g e a red  to  
th e  l e n g th  o f  t h e  f r e q u e n c y  ran g e  o f  rhy thm s b e in g  s o u g h t .  An example 
o f  t h i s  p r i n c i p l e  would be to  c o l l e c t  d a t a  s e v e r a l  t im es  d a i l y  o v e r  a 
p e r io d  o f  a p p ro x im a te ly  s i x  weeks when i n v e s t i g a t i n g  b i o l o g i c a l  rhy thm s 
i n  th e  m ed ia l  f r e q u e n c y  r a n g e .  In  l o n g e r  o r  low f r e q u e n c y  ra n g e
78
s t u d i e s  a p o s s i b l e  d e s ig n  o f  d a t a  c o l l e c t i o n  m ight w e l l  in v o lv e  o n ly  
a s i n g l e  day o f  th e  week, b u t  o v e r  an e x te n d e d  p e r io d  o f  months o r  
even  y e a r s .
Data c o l l e c t i o n  in  t h e  w r i t e r ' s  i n v e s t i g a t i o n  a l lo w ed  th e  
harm onic  a n a l y s i s  t o  p r o j e c t  c y c le  l e n g th s  a s  s h o r t  a s  .16 d a y s .  W hile  
th e  harm onic  a n a l y s i s  d id  n o t  r e a c h  th e  m ed ia l  l e n g th  f r e q u e n c y  
r a n g e s  ( s ix  days  o r  l e s s )  t h e r e  was l i t t l e  i n d i c a t i o n  t h a t  m e d ia l  
f r e q u e n c y  ran g e  rhythm s were p r e s e n t  i n  re s p o n se  tim e  o r  h a n d - g r ip  
s t r e n g t h .  The s h o r t e s t  c y c le  l e n g th  o f  th e  tw e n ty - s ix  s u b j e c t s  was 
19 d a y s .  In  a d d i t i o n ,  th e  c o n t r i b u t i o n  to  th e  mean s q u a re  f o r  th e  
16 day  c y c le  l e n g th  in  b o th  v a r i a b l e s  was f o r  th e  most p a r t  low er 
th a n  th e  o th e r  f i v e  harm onics  r e p r e s e n t i n g  lo n g e r  c y c l e  l e n g th s  ( s e e  
A ppendixes B and C ) .
A nother a r e a  o f  c o n s i d e r a t i o n  f o r  b i o l o g i c a l  rhythm  s t u d i e s  i s
t h a t  o f  l e a r n i n g  t r e n d s .  The p r e s e n t  i n v e s t i g a t i o n  was f a c e d  w i th
l e a r n i n g  t r e n d s  t h a t  re sem b led  g ra d u a l  c u r v e s .  When such  was th e
c a s e ,  f u r t h e r  s t a t i s t i c a l  a n a l y s i s  was t e r m in a t e d .  Only w i th  t h e
developm ent o f  t h e o r e t i c a l  s t a t i s t i c a l  models c o u ld  such  c u rv e s  be
d e s c r i b e d .  B o h len , i n  a b i o l o g i c a l  rhy thm  s tu d y  w i th  Eskim os,
c o l l e c t e d  d a ta  on  s e v e r a l  p e rfo rm an ce  v a r i a b l e s  d u r in g  d i f f e r e n t
s e a s o n s  o f  th e  y e a r .  B ohlen  found t h a t  th e  l e a r n i n g  t r e n d s  had
i n f lu e n c e d  th e  rhy thm s to  su ch  an e x t e n t  t h a t  he d id  n o t  p la c e  much
s t o c k  i n  h i s  f i n d i n g s .  He c o n c lu d ed  t h a t  l e a r n i n g  t r e n d s  had  to  be
155b e t t e r  c o n t r o l l e d  in  f u t u r e  s t u d i e s .
155B ohlen , lo c .  c i t .
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Many v a r i a b l e s  i n f l u e n c e  human m otor p e r fo rm an ce , such  as  
d ru g s ,  f a t i g u e ,  g e n e r a l  body c o n d i t i o n ,  d e g re e  o f  e m o tio n a l  s t r e s s ,  
and l e v e l  o f  m o t iv a t io n .  P e rh a p s  a  p r a c t i c a l  s o l u t i o n  to  th e  p rob lem  
would be th e  developm ent o f  c o n t r o l  c h a r t s  w hich c o u ld  be  u sed  by 
s u b j e c t s  to  e n t e r  p e r t i n e n t  in f o r m a t io n  c o n c e rn in g  f a c t o r s  w hich  m igh t 
i n f l u e n c e  p e rfo rm ance  a t  a g iv e n  t e s t i n g  t im e .  The in f o r m a t io n  
f u r n i s h e d  by s u b j e c t s 1 e n t r i e s  i n  c o n t r o l  c h a r t s  would a l lo w  th e  
r e s e a r c h e r  to  ta k e  i n t o  c o n s i d e r a t i o n  p o t e n t i a l  o b s c u r in g  f a c t o r s ,  
a l lo w in g  f o r  a more v a l i d  a n a l y s i s  o f  rh y th m s.
W hile no s i n g l e  i n v e s t i g a t i o n  i s  c o n c lu s iv e ,  h o p e f u l l y  th e  
w r i t e r ' s  s tu d y  w i l l  s e r v e  a s  a  p o i n t  o f  d e p a r tu r e  f o r  f u r t h e r  r e s e a r c h  
i n  t h i s  a r e a .  R esearch  in  b i o l o g i c a l  rhythm s as th e y  p e r t a i n  to  
human m otor p e rfo rm ance  i s  i n  i t s  in f a n c y .  F u r th e r  i n v e s t i g a t i o n  o f  
th e  s u b j e c t  c a p i t a l i z i n g  on r e s e a r c h  f i n d i n g s  o f  o th e r s  w i l l  a i d  
p h y s i c a l  e d u c a to r s  to  have a more com ple te  u n d e r s ta n d in g  o f  th e  
tem p o ra l a s p e c t s  o f  human m oto r p e rfo rm an ce .
CONCLUSIONS
W ith in  th e  l i m i t s  o f  t h i s  s tu d y  th e  fo l lo w in g  c o n c lu s io n s  
a p p ea r  to  be w a r r a n te d :
1. A p p a r e n t ly ,  no s i n g u l a r  b i o l o g i c a l  rhythm  c h a r a c t e r i z e d  
e i t h e r  male o r  fem ale  m otor p e rfo rm ance  i n  s im p le  t a s k s  o f  r e s p o n se  
tim e o r  s t r e n g t h .
2. L e a rn in g  o c c u rs  i n  th e  s im p le  t a s k s  i n v e s t i g a t e d  i n  t h i s  
s tu d y  a s  a  r e s u l t  o f  t e s t i n g  t h r e e  days a  week f o r  f o u r t e e n  w eeks.
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3. A lthough one s p e c i f i c  c y c le  cou ld  n o t  be  d i s t i n g u i s h e d ,  
a m a jo r i ty  o f  b o th  male and fem ale  c y c le s  in  re sp o n se  tim e f e l l  
w i th in  tw enty  to  t h i r t y  days.
4 . Male c y c le s  in  s t r e n g t h  appea r  to  be o f  s h o r t e r  le n g th  
than fem ale  c y c le s ,
5 . Medial f req u en cy  ran g e  rhythms ( .5  hour to  6 days) were 
n o t  ev id en ced  i n  e i t h e r  re sp o n se  tim e o r  s t r e n g t h .
RECOMMENDATIONS
Based on the  r e s u l t s  o f  t h i s  s tu d y ,  th e  fo l lo w in g  
recommendations w ere  made:
1. A s i m i l a r  s tu d y  shou ld  be conducted  i n v e s t i g a t i n g  low 
freq u en cy  range  rhy thm s. D ata c o l l e c t i o n  shou ld  be l im i t e d  to  once 
o r  tw ice  a week o v e r  e q u a l ly  spaced  tim e i n t e r v a l s  f o r  an  ex tended  
time p e r io d  o f  s i x  months to  s e v e r a l  y e a r s .
2. S t a t i s t i c a l  models which would e l im in a te  the  o b scu r in g  
in f lu e n c e  o f  l e a r n in g  cu rv e s  on b i o l o g i c a l  rhythm c y c le s  shou ld  be 
d eve loped .
3 . V a r ia b le  c o n t r o l  c h a r t s  shou ld  be used i n  f u tu r e  s tu d ie s  
in  o r d e r  t h a t  s u b j e c t s  may r e c o rd  a t  each  t e s t i n g  p e r io d  f a c t o r s  
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APPENDIX B
CONTRIBUTION TO THE’MEAN SQUARE FOR THE MEAN AND THE SIX HARMONICS 
PLUS:.PERCENT OF CONTRIBUTION OF TOTAL MEAN SQUARE 
FOR CONTRIBUTION ON RESPONSE TIME
SUBJECTS MALE # 1 MALE #  3 MALE # 6 MALE # 20































TOTAL 2.792 6.713 6.885 13.509
SUBJECTS MALE # 21 MALE # 22 MALE # 23 MALE # 26
mean .000- .00 .028- .97% .000- .00 .221- 1.80%
98 DAYS 4.422-22.63% .435-15.17% .776-16.60% .111- .92%
49 DAYS 3.196-16.35% .483-16.85% .561-12.00% 2.342-19.45%
32 DAYS 4.915-25.15% .592-20.65% 1.897-40.59% 3.308-27.47%
24 DAYS 4.414-22.59% 1.255-43.78% .242- 5.17% 5.585-46.38%
19 DAYS 2.283-11.68% .616-21.49% .548-11.72% .349- 2.89%
16 DAYS .308- 1.57% .403-14.06% .649-13.88% .125- 1.03%




SUBJECTS FEMALE # 14 FEMALE # 15 FEMALE # 18 FEMALE # 24 FEMALE # 25





































TOTAL 14.761 10.173 7.088 8.612 2.082
o
APPENDIX C
CONTRIBUTION TO THE MEAN SQUARE FOR THE MEAN AND THE SIX HARMONICS 
PLUS PERCENT OF CONTRIBUTION OF TOTAL MEAN SQUARE 
FOR CONTRIBUTION ON HAND-GRIP STRENGTH
SUBJECTS MALE # 7 MALE #  12 MALE # 19
MEAN .038- .192 1 .161- 1.51% .652- 1.72%
98 DAYS 1.436- 7.26% 30.096-39.18% 19.629-51.91%
49 DAYS 2.587-13.08% 4 .4 7 2 -  5.82% 9.733^25.74%
32 DAYS 3.804-19.24% 11.914-15.51% 1.337- 3.54%
24 DAYS 6.242-31.56% 11.760-15.31% .434- 1.15%
19 DAYS 2.554-17.91% 8.189-10.66% .151- .40%
16 DAYS 3.114-15.75% 9.223-12.01% 5.875-15.58%
TOTAL 19.775 76.815 37.811
SUBJECTS MALE # 21 MALE # 22 MALE # 6
MEAN .011- .01% ,106- .08% .862- 3.73%
98 DAYS 33.718-21.56% 12.734-10.34% 3.768-16.31%
49 DAYS 17.963-11.48% 34.170-27.74% .425- 1.84%
32 DAYS 3.727- 2.38% 17.983-14.60% 5.143-22.27%
24 DAYS 39.401-25.19% 12.760-10.36% 7.032-30.45%
19 DAYS 44.435-28.41% 43.477-35.29% 1.887- 7.30%
16 DAYS 17.147-10.96% 1.953- 1.58% 4.178-18.09%
TOTAL 156.402 123.183 23.095
APPENDIX C (continued)
SUBJECTS FEMALE # 8 FEMALE #  9 FEMALE 4 14 FEMALE #  15




























2 .620- 9.62% 
1.729- 6.35% 
3.228-11.85%
TOTAL 12.325 39.461 39.486 27.238
SUBJECTS FEMALE #  17. FEMALE #  24 FEMALE # 5
MEAN .353- 2.58% .068- .22% .197- 1.30%
98 DAYS 4.986-36.40% 7.873-25.74%. 4.164-27.59%
49 DAYS 2.587-18.88% 3.879-12.68% 1.488- 9.86%
32 DAYS .422- 3.08% 4.726-15.45% 1.379- 9.14%
24 DAYS 2.449-17.88% 6.784-22.18% 3.156-20.91%
19 DAYS 1.773-12.94% 5.512-18.02% 4.134-27.39%
16 DAYS 1.109-  8.09% 1.741- 5.69% ,576- 3.81%
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